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PREFACE 


The thesis entitled: ’’Photochemical Transformations 
of a Few Dibenzobarrelenes , Enehydrazine Diones and 
2(3H)-Furanones*' is divided into three chapters. 

Chapter I of the thesis deals with our studies on the 
photochemical transformations of a few bridgehead-substituted 
dibenzobarrelenes such as 11 ,12-dibenzoyl-9, lO-dihydro-9-hy- 
droxymethyl-9,10-ethenoanthracene (4f ) , 11,12-dibenzoyl- 

9.10- dihydro-9-ethyl-9 ,10-ethenoanthracene , 9-benzyl- 

ll,12-dibenzoyl-9,10-dihydro-9,10-ethenoanthracene (4h) , 
9-cyclopentyl-ll , 12-dibenzoyl-9, 10-di hydro-9 ,10-ethenoanthra- 
cene (4i^) , ll,12-dibenzoyl-9,10-dihydro-9-isopropyl-9,10-ethe 
noanthracene (4j^) , 9-cyclohexyl-ll ,12-dibenzoyl -9, lO-dihydro- 

9.10- ethenoanthracene (4k), and 9-cyclohepty 1-11 ,12-dibenzoyl 

9.10- dihydro-9, lO-ethenoanthracene (41). 

Irradiation of dibenzobarrelenes 4f-h in solvents such 
as benzene, methanol and acetone gave the corresponding 
4b-substituted semibuilvalenes 5f ,g or products such as llg 
and 12h derived from the 8b-subs tituted semibuilvalenes 6q^ h . 
However, the irradiation of 4.i-l gave the corresponding di- 
benzocyclooctatetraenes 163-1 , exclustvelyo The dibenzo- 
barrelene 4i, upon irradiation, gave the semibullvalene 5i 



and the cyclooc tatetraene 16i, in comparable yields. 

Reasonable mechanisms have been suggested for the formation 
of the various products. 

Laser flash photolysis studies of the dibenzobarrelenes 
4f-k have shown that the triplets of these barrelenes are 
formed in high yields. The reluctance of the barrelenes 
4j--l to undergo triple t~mediated rearrangement to semi- 
bullvalenes may be related to competing pathways of triplet 
decay. The laser flash photolysis studies of some related 
barrelenes 4 a~e . have also been carried out. 

Our findings on the phototransformations of a few ene- 
hydrazine diones are presented in Chapter II, The enehydra- 
zine diones that we have examined include, (E)-l-(2-ben2yli-- 
dene“l-phenylhydrazinyl)“l,2-dibenzoylethylene ( 12a ) , 
(g)-l~(2-£-methylbenzylidene-l--phenylhydrazinyl) -1,2-diben- I 
zoylethylene ( 12b ) . (E)-l-(2-£-inethoxybenzylidene-l-phenyl~ 
hydrazinyl)-l,2-dibenzoylethylene ( 12c ), (E)-‘l-‘(2-“p--cvano~ 
benzylidene-l-*phenylhydrazinyl)-l,2-dibenzoylethylene ( 12d ) , 
(E)-l-(2-£-acetoxybenzylidene-l-phenylhydrazinyl)-l,2-di-- 
ben zoylethylene ( 12e ) , (E)~l-(2-£-Garbomethoxybenzylidene- 
l“Phenylhydrazinyl)--l,2-dibenzoylethylene ( 12f ) , (E)--l-(2-£-di 
methylaminobenzylidene--l-phenylhydrazinyl)-l,2-dibenzoyle thy- 
lene ( 12q ) , and (E)-l--(2~£— cbi^robenzylidene-l-phenylhydrazin^i 



1 .2- dibenzoyle thylene ( 12h ) o These substrates, on irradia- 
tion, gave the corresponding pyrazoles 18a-h , and small 

amounts of l-anilino-l,2-dibenzoylethylene (19). On the 

1 

basis of UV and H NMR spectral studies, we have shown that 
E-Z isomerization occurs in the course of the irradiation 
of 12a-h . Reasonable mechanisms have been suggested for the 
formation of different products from 12a-h . 

Transient absorption spectral changes, upon laser exci- 
tation of 12a-h . are explained in terms of the formation of 
zwitterionic intermediates and, in part, by E-Z isomeriza- 
tion. The triplets of 12a~h are short lived and elusive. 

Chapter III of the thesis deals with our investigations 
on the phototransformations of a few 2(3H)-furanones such as 

3.3- diphenyl-5-(4-methylphenyl)-2( 3H)-furanone (^) , 3,3-di- 
phenyl-5-(4-ethylphenyl)“2( 3H)-f uranone (^) , 3,3-diphenyl- 
5-(4-methoxyphenyl)-2(3H)-furanone (M), 3,3-diphenyl- 
5-?(4-ethoxyphenyl)-2( 3H)-furanone (^) , 5-(4-chlorophenyl)- 

3.3- diphenyl-2(3H)-furanone (^) , 5-(4-cyanophenyl) -3, 3-di- 
phenyl -2(3H)-f uranone (_^) , and 5-(4-biphenylyl)-3,3-di- 
phenyl-2(3H)-furanone ( 5h) . The major reaction observed 
under direct photoexcitation of 5b-h was decarbonylation 
leading to the corresponding l-aryl-3, 3-diphenyl prop-2-en- 
1-ones 6b-h. In contrast, the sensitized irradiation of 


xi 



5b-h resulted in the formation of 2( 5H)-furanones 7b-h , 


arising through a C-3 to C-4 phenyl group migration. In 
addition, phenanthrof uranones 9b~h and dimeric products 
llb-»f , arising through the further reactions of 7b~h , were 
isolated from these reactions. Reasonable mechanisms have 
been suggested for the formation of the different products 
in the irradiation of 5b-h. 

Laser flash photolysis studies involving direct exci- 
tation and triplet sensitization of 5b-h have also been 
carried out. From the observed triplet lifetimes, the aryl 
group migration rates have been estimated at ll x 10^ 


Note ; The numbers of the various compounds given here 
correspond to those given under the respective 
chapters. 


xii 



CHAPTER I 


photochemical transformations of a few bridgehead- 
substituted DIBENZOBARRELENES 

I.l ABSTRACT 

The photochemical transformations of a few bridgehead- 
substituted dibenzobarrelenes such as ll, 12 -diben 2 oyl- 

9 . 10- dihydr o-9-hydroxyme thyl-9 , 10-e thenoan thr acene ( £f ) , 

11.12- dibenzoyl-9 , 10-dihydro-9-ethyl-9 , 10-e thenoanthracene 
(4g) , 9-benzyl-ll,l2-dibenzoyl-9,10-dihydro-9, 10-e theno- 
anthracene (^) , 9-cyclopentyl-ll,12-dibenzoyl-9,10-dihy- 
dro-9 f 10-e thenoanthracene (4i), ll,12-dibenzoyl-9,10-di— 
hydro-9-isopropyl-9 , 10-e thenoanthracene (^), 9-cyclohexyl- 

11. 12- dibenzoyl-9,10-dihydro-9, 10-e thenoanthracene (4k), 
and 9-cycloheptyl-ll,12-dibenzoyl-9,10-dihydro-9,10-etheno- 
anthracene (41) have been investigated by steady-state 
irradiation and laser flash photolysis. Flash photolysis 
studies of a few closely related barrelene systems such as 

11 . 12- dibenzoyl-9 , 10-dihydro-9-hydroxy-9 , 10-e thenoan thr a- 
cene (4a) , ll,12-dibenzoyl-9,10-dihydro-9-methoxy-9, 10-etheno- 
anthracene (4b), 9-ace toxy- 11 , 12-dibenzoyl-9 , 10-dihydro- 

9 . 10- e thenoanthracene (^), 9-cyano-ll , 12-dibenzoyl-9 , 10-di- 
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hydro-9 , 10-ethenoanthracene (4d) ♦ and 11,12-dibenzoyl- 
9,10-dihydro-9-formyl-9,10-ethenoanthracene (^) have also 
been examined through laser flash photolysis studies » The 
dibenzobarrelenes 4a-l have been prepared by the reaction 
of dibenzoylacetylene (DBA) with the corresponding anthra- 
cenes. 

Irradiation of the dibenzobarrelenes 4f-h in benzene, 
methanol and acetone gave 4b- or 8b-subs tituted dibenzo- 
semibullvalenes 5f ,g , 6q, h or products derived from them. 
However, the irradiation of 4i yielded a mixture of the 
corresponding 4b-subs tituted dibenzosemibullvalene 5i and 
the dibenzocyclooctatetraene 16i . In contrast, the irra- 
diation of 4j-l in various solvents gave the corresponding 
dibenzocyclooctatetraenes 16j-l , exclusively. The irra- 
diation of dibenzobarrelenes 4a-e has been reported earlier 
to give the corresponding 4b- or 8b-subs tituted dibenzo- 
semibullvalenes . 

Laser flash photolysis studies of 4f-k have been 
carried out to examine the nature of the transients involved 
in their photorearrangements. As model systems, the closely 
related dibenzobarrelenes 4a-e have also been examined by 
laser flash photolysis. The 337.1 nm laser flash photolysis 
of 4a-k in benzene results in the formation of their triplets 


in high yields - 0.6-1,0)* The triplets, in general, are 
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short lived (0.03-11 \is) and are readily quenched by 
oxygen, di- tert -butyl nitroxi.de and ferrocene 
(k ^ = (0.2-8) X 10^ M ^). In spite of the high f ^'s, 
the reluctance of a few dibenzobarrelenes such as 4j-l to 
undergo the barrelene-semibullvalene rearrangement, under 
steady-state irradiation, appears to be related to the 
unusually short lifetimes of their triplets. Decay modes, 
other than those leading to dibenzosemibullvalenes may be 
available for these triplets. 

1.2 INTRODUCTION 

Zimmerman and Grunewald^ had observed that barrelene (3^) 
undergoes a facile photoisomerization of the di-rc -me thane 
type to give semibullvalene (2). Further investigations 
revealed that 2 is formed under sensitized irradiation of JL, 
whereas direct irradiation leads to the formation of cyclo- 
octatetraene (3)^*”' (Scheme I.l). Numerous reports have 
appeared in the literature on the phototransformations of 

barrelenes, benzobarrelenes , naphthobarrelenes , 

22—32 33 34 

dibenzobarrelenes, other barrelene derivatives * 

and related systems.'^ Diradical intermediates have been 

postulated in the rearrangement of some barrelene deriva- 

48 

tives, leading to the corresponding semibullvalenes . Also, 
it has been suggested that both vinyl and bridgehead sub- 
stituents present in the barrelene substrates have pronounced 
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effect on the observed regioselectivity in these rearrange- 
ments » The observed regioselectivity has been explained 
in terms of the preferential stabilization of the diradical 
intermediates by through-bond or through-space interaction 
with the substituents 

The photochemical rearrangements of several bridgehead- 
substituted dibenzobarrelenes containing 1,2-dibenzoylalkene 

pQ — '^P 

moiety have been reported recently from this laboratory. 

These substrates, in principle, are capable of undergoing 

49 

reactions characteristic of both 1,2-dibenzoylalkene and 

barrelene chromophores . However, these substrates have been 

found to undergo photochemical transformations characteristic 

29—32 

of the barrelene chromophore. Further, it has been 

observed that the bridgehead substituents affect the regio- 
selectivity in the rearrangement of barrelenes to semibull- 
valenes. Thus, the irradiation of dibenzobarrelenes 4a-e 
led to the exclusive formation of only one of the two regio- 
isomeric dibenzosemibullvalenes 5 or 6 * (Scheme 1.2). 

The observed regioselectivity has been explained in terms of 
the stabilization/destabilization effects of the bridgehead 
substituents on the diradical precursors of 5 and 6. Though 
the observed regioselectivity could, by and large, be corre- 
lated with the electronegativity of the bridgehead substi- 
tuents, the involvement of other factors cannot be ruled out. 
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The effect of steric factors, for example, has hitherto not 
been systematically explored. 

In the present studies, we have examined in detail, 
the photochemistry of several dibenzobarrelenes containing 
1 ,2-dibenzoylalkene components, having substituents of 
comparable electronegativities, but of varying sizes at the 
bridgehead position to examine the effect of steric factors 
on the regioselectivity of barrelene-semibullvalene re- 
arrangement and also to characterize the transients invol- 
ved in these rearrangements by laser flash spectroscopy. 

The dibenzobarrelenes that we have examined include 11,12-di 
benzoyl-9 , 10-dihydro-9-hydroxymethyl-9 ,10-ethenoanthracene 
(4f) , ll,12-dibenzoyl-9,10-dihydro-9-ethyl-9,10-etheno- 
anthracene (4g) , 9-benzyl-ll,12-dibenzoyl-9,10-dihydro- 

9.10- ethenoanthracene (4h), 9-cyclopentyl-ll,12-dibenzoyl- 

9 .10- dihydro-9, 10-ethenoanthracene (4d), 11,12-dibenzoyl- 

9.10- dihydro-9-isopropyl-9,10-ethenoanthracene (4^)» 9 -cy- 
clohexyl-ll,12-dibenzoyl-9 ,10-dihydro-9 , 10-ethenoanthracene 
(4k) , and 9-cycloheptyl-ll,12-dibenzoyl-9,10-dihydro- 

9 . 10- e thenoanthracene (41) . In addition, the laser flash 
photolysis studies of a few closely related barrelenes 

o 1 30 

with known photochemistry * have also been examined. Thes 
include 11 ,12-dibenzoyl“9,10-dihydro-9-hydroxy-9 , 10-e theno- 
anthracene (^) f ll,12-dibenzoyl-9,10-dihydro-9-methoxy- 
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9 . 10- ethenoanthracene ’ (4b) , 9-acetoxy~ll,12-dibenzoyl- 

9 .10- dihydro-9,10-ethenoanthracene (4£), 9-cyano~ll,12-di~ 
benzoyl--9,10-dihydro-9,10~ethenoanthracene (4d), and 

11 , 12“dibenzoyl-9 1 lO-dihydro-9-f ormyl-9 1 10-ethenoanthra- 
cene (4e) . 

I«3 RESULTS AND DISCUSSION 

1*3.1 Preparation of Starting Materials . A convenient 
method of preparing dibenzobarrelenes containing l,2--di- 
benzoylalkene moieties is through the reaction of anthra- 
cenes with dibenzoylacetylene (DBA)» either by direct 
50 

heating or in the presence of a suitable catalyst such 

51 

as anhydrous aluminium chloride. We have prepared the 
dibenzobarrelenes 4h-l in high yields by the anhydrous 
aluminium chloride catalysed addition of DBA to the corres- 
ponding anthracene derivatives. The dibenzobarrelene 4f , 
however, was prepared by refluxing an equimolar mixture of 
9-hydroxymethylanthracene and DBA in dry toluene. The 
structures of 4f-l have been established on the basis of 
analytical results, spectral evidence and comparison of 
spectral data with those reported in literature, wherever 

applicable. The dibenzobarrelenes 4a-e,g were prepared by 

31 32 

reported procedures. ’ 
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I.3o2 Preparative Photochemistry and Product Identi- 
fication . The irradiation of a benzene solution of 4f for 
1/4 h gave a 64^ yield of 8c,8d-dibenzoyl-4b-hydroxyinethyl- 
4b, 8 b ,8c ,8d-tetrahydrodiben2o[ a,b] cyclopropa[c,d]pentalene 
(5f ) . Similarly, the irradiation of 4f^ in methanol and 
acetone, under analogous conditions, gave ^ in 82 ‘/. and 79>< 
yields, respectively. The structure of ^ has been arrived 
at on the basis of analytical results and spectral evidence. 
The IR spectrum of 5f, for example, showed absorptions at 
3470 and 3320 cm~^, due to free and hydrogen bonded OH, 
respectively. The carbonyl absorption was observed at 
1650 cm~^„ The NMR spectrum of ^ (Figure I.l) showed a 
broad singlet at 62.40 (1 H, D^O exchangeable), assigned 
to the OH proton. The broad singlet at 64.60 (2 H) is 
assigned to the methylene protons, whereas the singlet at 
6 4.70 (1 H) is assigned to the H-Sb proton. The aromatic 
protons (18 H) appeared as a complex multiplet centred 
around 67.35. The mass spectrum of 5f showed the molecular 
ion peak at m/e 442 and the fragmentation patterns are in 
agreement with the assigned structure. 

The irradiation of ^ in benzene, however, gave a mix- 
ture of 8c,8d-dibenzoyl-4b-ethyl-4b,8b,8c,8d^tetrahydrodi- 
benzo[a,b]-cyclopropa[c,d]pentalene (^, 62‘/) , an isomeric 
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COCeH 
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hydroxy compound llg (18><), derived from 8c,8d-dibenzoyl- 
8b~ethyl-4b,8b,8c »8d-tetrahydrodibenzo[ a ,b] cyclopropa[c,d] - 
pentalene (^), and unchanged ^ {3‘A) • Similarly, the irra- 
diation of 4£ in methanol gave a mixture of ^ (68^), llg 
(13><), and unchanged 4^ (3>^). However, the irradiation of 
4g in acetone gave a mixture of ^ (63j^), llg (19^), an 
isomeric lactone 20 (2/<), and unchanged 4^ (3><). The 
structures of llg and 20 have been arrived at on the basis 
of analytical results and spectral data. The IR spectrum 
of llg , for example, showed an OH absorption band at 
3500 cm~^ and did not show any carbonyl absorptions. The 
^H NMR spectrum of llg (Figure 1.2) showed a doublet at 
6 1.30 (3 H, J = 7.5 Hz), assigned to the methyl protons. 

The broad signal at 6 3.20 (1 H, D^O exchangeable) has been 
assigned to the OH proton, whereas the singlet at 64.60 
(1 H) has been assigned to H-4b. The vinylic proton 
appeared as a quartet at 6 5.20 ( 1 H, J = 7.5 Hz) and the 
aromatic protons appeared as a raultiplet centred around 
6 7.60 (18 H) . The IR spectrum of 20 showed a carbonyl 
absorption at 1750 cm"”^, characteristic of y-lactones. 

The ^H NMR spectrum of 20 (Figure 1.3) showed a triplet at 
61,50 (3 H, J =7.5 Hz) due to the methyl protons and a 
quartet at 6 2.80 (2 H, J = 7.5 Hz) due to the methylene 
protons. The bridgehead proton appeared as a sharp 
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singlet at 65.1 (1 H). The aromatic protons appeared as 
a complex multiplet centred around 67,25 (18 H) . 

The irradiation of 4h in different solvents, on the 
other hand, gave 9-benzylidene-9a,10-dibenzoyl-4b,9,9a,10-te- 
trahyolro- cis --indeno[l,2--al indene (12h, 18--22>i) , derived from 
the 8b-subs tituted semibull valene along with appreciable 

amounts (42-56*/i) of the unchanged starting material 4h. The 
structure of 12 h has been arrived at on the basis of analy- 
tical results, spectral data and chemical transformations, 
Ozonolysis of 12h , for example, gave a mixture of 9a,10-di- 
benzoyl-9-oxo-4b,9 ,9a, 10- te trahydro- cis -indeno[ 1,2-al indene 
( 13, 57>i) and benzoic acid (14, 50j<) (Scheme 1.3). 

Irradiation of 4i in benzene gave a mixture of 4b-cyclo- 
pentyl-8c ,8d-dibenzoyl-4b,8b,8c ,8d-te trahydrodibenzo[ a,b]- 
cyclopropa[c,d]pentalene (^, 18>i) , 5-cyclopentyi-l,4— diben- 
zoyl-2, 6-dibenzocyclooctatetraene ( 16i , 25><) , and unchanged 
4i {20yi) . Likewise, the irradiation of ^ in methanol and 
acetone gave a mixture of ^ (21-23j<) , 16i (2l-23>^), and 
unchanged 4i (2C^), in each case. In contrast to the 
irradiation of 4f-i , the irradiation of ^ in different sol- 
vents gave the corresponding cyclooctatetraene 16 j (21-22j<), 
as the only isolable product, along with appreciable amounts 
(45-51><) of the unchanged starting material Similarly, 
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the photolysis of 4k and 41 in different solvents gave the 
corresponding cyclooctatetraenes 16k (46-55^) and 161 
(70-88><), respectively. 

Since dibenzobarrelenes 4i~l gave the singlet mediated 
products (the dibenzocyclooctatetraenes 16i~l') under direct 
irradiation conditions, attempts were made to carry out the 
irradiations of 4i-l . under sensitized conditions, using 
biacetyl (x_ „ — 450 nm) as triplet sensitizer under con- 
ditions wherein the sensitizer alone absorbed the light. 
Thus, the irradiation of 4i-l in benzene in the presence 
of excess of biacetyl using the output from a Hanovia 450 W 
medium pressure mercury lamp (selectively filtered through 
a pyrex glass sleeve and a 0.02yi (w/v) solution of 9,10-di- 
bromoanthracene in toluene ), did not lead to any product 
formation; most of the starting materials 41-1 could be 
recovered unchanged, in each case. 

1.3.3 Laser Flash Photolysis Studies .^^ In order to 
shed light on the precursors and intermediates that lead to 
the photoproducts, observed under steady-state photolysis, 
the dibenzobarrelenes 4a-k were examined by laser flash 
photolysis. Nitrogen laser pulses (337.1 nm, 8 ns, 2-3 mj ) 
were employed for laser excitation. The transients were 
observed over 0,1-100 ps following the laser excitation and 
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were characterized by broad and diffuse absorption spectra 

extending beyond 700 nm. These were assigned primarily to 

the triplets of the dibenzobarrelenes on the basis of 

quenching effects of oxygen, di- tert -butyl nitroxide (DTBN, 

stable free radical) and ferrocene. For substrates 43-6 ,g , 

in addition, azulene, (3~carotene and £-[nethoxyphenol were 

employed as triplet quenchers o With ^~carotene as quencher, 

growth of intense transient absorption due to p-carotene 

triplet was observed at 510-550 nm at the same time scale 

as that of the decay of the dibenzobarrelene triplets, 

monitored at 600-700 nm. That hydrogen abstraction occured 

in the course of the quenching of dibenzobarrelene triplets 

by £-methoxyphenol was shown by the formation of g^-methoxy- 

phenoxy radical with a characteristic absorption spectrum 

54^56 

at 370-430 nm = 405 nm) . The quenching of diben- 

luSlX 

zobarrelene triplets follows pseudo-first order kinetics. 

The plots with £-methoxyphenol as quencher are shown in 
Figure I o4. 

To confirm the triplet assignment for the transients, 
triplet sensitization experiments using 4f-k as acceptors 
were carried out. Attempts to generate the triplet of 4f 
via energy transfer from di- tert- butyl thioke tone 
(E^ = 45 kcal mol ) under 532 nm laser excitation and 



jp-Mcthox y ph enol] ,mM 


Figure 1.4 Plots of pseudo-first order rate constants for 
triplet decay vs. £-methoxyphenol concentrations in benzene 
The substrates are 4a (A), 4b (B) , 4c (C) , 4d (D) , 4e (E) , 
and 4g (F) . 
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*~1 58 

from camphorquinone (E^ = 52 kcal mol ) under 485 nm 
laser excitation in the presence of millimolar concentration 
of 4f in benzene were not successful. This apparently may 
be due to the fact that the spectroscopic triplet energy of 
dibenzobarrelenes is higher or close to the s of these 
two sensitizers. In addition, the inefficiency of exchange 
interaction in energy transfer involving the sterically 
crowded donor and acceptor has also to be reckoned with. 

53 59 

Pulse radiolysis technique * has also been employed 
to generate the triplets of a few representative dibenzo- 
barrelenes such as 4a,d~g . In this method, deaerated 
benzene solutions containing biphenyl at a high concentra- 
tion (0.1 M) and a substrate at a relatively low concentra- 
tion (_<5 mM) was irradiated with 5 ns electron pulses. 

T 

Biphenyl triplet (X = 360 nm) produced as a result of 
energy transfer from the shortlived benzene triplet (pulse- 
radiolytic) subsequently acted as an excitation donor to the 
substrates. The formation of the triplets of dibenzobarre- 
lenes was observed at long wavelengths (450-600 nm) . The 
transient absorption spectra and decay behaviours following 
the enhanced decay of 4a,d-g agreed well with those obser- 
ved under direct laser excitation (337.1 nm) of these sub- 
strates. These results, along with quenching behaviours 



21 


described earlier, strongly favour the assignment of the 
laser-f lash-photolytic transients as triplets. In the case 
of 4f, the comparison of absorbance due to biphenyl triplet 

(donor) and the triplet of 4f (acceptor) made it possible 

59 T 

to estimate the maximum extinction coefficient (c , ) of 

max 

—1 —I 

the latter at 4 x 10 M cm (at 490 nm) . This method 
could not be reliably used for 4h~k because of their short 
triplet lifetimes (<1 us). The c , values for 4a“e,g 
were estimated by known methods. 

The triplet yields ( f^) of 4a~k were determined in 
optically matched benzene solutions at the laser excitation 
wavelength (337.1 nm) . The formation of benzophenone 
triplet («^ = 1, = 7c6 X 10^ M”^cra"^ at 532 nm^^ in 

benzene) was used for actinometry. To obtain # the 
end-of-pulse absorbance change due to the substrate triplet 
divided by its extinction coefficient was compared with 

T 

that for benzophenone. For substrates 4h-k , since 

T 

values could not be reliably estimated, was assumed 

WO A 

3' -1 -I' " ■ 

to be equal to that of 4£, namely 5 x 10 M cm , The 
spectral and kinetic data of the triplets of 4a*~k are given 
in Table 1.1. The linear plots of pseudo-first order rate 
constants for the decay of dibenzobarrelene triplets against 
quench^lr concentrations gave the bimolecular rate constants 
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Table I.l Absorption Spectral and Kinetic Data of the 

Triplets of Dibenzobarrelenes 4a~k in Benzene 


subs trate 

3 

^max* 

nm 

^max’ 

10^ M”^cm" 

c 

ps 

b 

j 

i§ 

430 

3 

11.0 

0,7 

4b 

^390 

6 

CM 

0 

0,6 

4c 

510 

7 

0,85 

0.7 


510 

6 

0.34 

0,7 

4e 

« 410 

6 

1.8 

0.6 

±L 

490 

4 

2.2 

1.0 

12 

510 

5 

1.0 

0,7 

4h 

500 

- 

0.65 

0.7 

4i ■ 

520 


0.46 

0.9 

ii 

540 


0,10 

0.7 

4k 

540 


0.03 

0.7 

^ + 10 nm . 

- + 30yi 

. - +15?^ 
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T 

(k ) for quenchingo 
in Table Io2. 


The data concerning k 


T 

q 


are presented 


In Figures I»5-Io8, several absorption spectra and 
kinetic traces in benzene for the transients of 4a~k are 
presented. A close examination of the transient spectra 
reveals several interesting features. For 4a, in addition 
to a relatively long-lived triplet = 11 ps, -■ 325, 

430, and 670 nm) , the transient spectra (Figure 1.5 A, A’) 
show a photoproduct (X = 325 nm) , persisting at the end 
of the triplet decay. In methanol, the triplet is shorter 
lived (T^ = 3 ps) and acts as a precursor for a long-lived 
transient product 150 ps , \ = 340 . and 450 nm) . 

This species may be the product of hydrogen abstraction by 
the triplet of 4^, Formation of a species having similar 
spectral features when the triplet of £§ is quenched by 
£-methoxyphenol in benzene (in addition to the £-raethoxy- 
phenoxy radical) supports this assumption. The triplet of 
4b , however, is shorter-lived (t^ = 1,2 ps in benzene) and 
gives practically no residual absorption (Figure 1,5 B, B* ) 
except a small depletion at 310-330 nm. The triplet decay 
is somewhat slower in methanol (7t^ s= 1,6 ps) and there is 
no indication of hydrogen abstraction by the triplet from 
methanol. The lower propensity for hydrogen abstraction by 
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Table 162 Bimolecular Rate Constants for the Quenching of 
the Triplets of Dibenzobarrelenes 4a-k In Benzene 
at 298 K 





T~ 9 

k / 10^ 

q 

M-l s-1 



substrate 

^2 

DTBN 

p-methoxy- 

phenol 

azulene 

ferro- 

cene 

p-c aro- 
tene 

la 

0.59 

0.85 

2.2 

2.1 

6.7 

5 

£b 

0.59 

Oo49 

1.0 

0.4 

2.1 

5 

4c 

0.28 

0.96 

5.0 

4.6 

5.7 

7 


0.60 

lo7 

6.1 

3.7 

6.3 

7 

4e 

0.57 

1.2 

3o9 

lol 

6.4 

5 

4f 

0.54 

0.84 

- 


7.9 

- 

12 

0.48 

0.49 

3.6 

0o75 

5.0 

4 

4h 

0.60 

0.16 



5.7 

- 

li 

0.30 

0.21 



4.1 

— 

11 

0.80 

0.37 

— 

- 

5.1 

' 

4k 

b 

b 

— 

— 

b 


— + 10 nm . 

— Could 

not be 

reliably measured because of 

the 


unusually short triplet lifetime. 
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Figure 1.5 Transient absorption spectra following 337.1 nm 
laser excitation of 4a (A, A*) and 4b Insetss kinetic 

traces for transient decay of 4a and 4b (b) at the wave- 
lengths indicated. , 
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T 

the triplet of 4b is also reflected by the smaller for 
g_-methoxyphenol (Table Io2). However, the absorption spe- 
ctra of the photoproducts by the triplet quenching by 
p-me thoxyphenol bear resemblence to those from indica- 
ting hydrogen abstraction by the triplet of 4b . 

The triplets of both 4£ and 4d display broad absorption 
maxima at **510 nm (Figure 1.6 A, A'; B, B' ) and have their 
lifetimes lengthened by a factor of *«2, on going from 
benzene to methanol (Table I.l). The residual absorption, 
following the decay of triplets of shows a weak band sys- 
tem at 310-340 nm (Figure 1.6 A' ) » while for ^ ground state 
bleaching is observed (Figure 1.6 B’ ) • 

A prominent feature for 4^ in benzene is the formation 

of a long-lived triplet mediated product with K at 320, 

max ' 

410, and 595 nm (Figure 1.6 C ) • The photoproduct can be a 
radical from the photocleavage of the formyl group or a 
diradical generated by the intramolecular formyl hydrogen 
abstraction by the carbonyl group, followed by the loss of 
carbon monoxide. The photoproduct in question is not formed 
in methanol in which the triplet lives nearly as long as in 
benzene. It is possible that the observed photoproduct in 
benzene is related to intramolecular hydrogen abstraction. 
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WAVELENGTH ,NM 

Figure 1.6 Transient absorption spectra following 337.1 nia 
laser excitation of 4c (A,A')» 4d » and 4e (C,C' ) in 

benzene. Insets: kin^ic tracesTor transient Hecay of 
4c (a ) t 4d (b) , and 4e (c) at the wavelengths indicated. 
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the process being less favourable in methanol because of 
hydrogen bonding of the carbonyl chroraophores with the 
solvento 

The triplets of 4f--h also exhibit broad and diffuse 
absorption spectra = 490-510 nm) extending beyond 

700 nm in benzene (Figure 1.7 A, B, C) . The transients 
decay predominantly by first order kinetics and are 
efficiently quenched by typical triplet quenchers. Practi- 
cally no residual absorption (long-lived) is noted in the 
case of 4f-h . There is no indication of the formation of 
long-lived photoproducts by intramolecular hydrogen abstra- 
ction. 

Dibenzobarrelenes 4i-k also exhibit transients having 

broad and diffuse absorption spectra (^~_v = 520-540 nm) 

extending beyond 700 nm. However, these systems are of 

considerable interest since long-lived residual absorptions 

(X “ 380 and 540 nm) are observed following the decay of 
ni3X 

the initial transients (Figure 1.8 A, A'} B, B’ ; C, C ) • 
These do not show any sign of decay over the longest possi- 
ble time scale (*-100 ps). The long-lived residual absorp- 
tions are due to triplet— mediated photoproducts. This is 
established by the fact that upon quenching the triplet by 
ferrocene, the decrease in the residual absorbance occurs 
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300 400 500 600 700 

WAVELENGTH , NM 

Figure 1.7 Transient absorption spectra following 337.1- nm 
laser excitation of 4f (A), 4c[ (B), and 4h (C) in benzene. 
Insetsi kinetic traces for transient decay of 4f (a), 4^ (b) 
and 4h (c) at the wavelengths indicated. 



ABSORBANCE CHANGE 



WAVELENGTH , NM 

Figure 1.8 Transient absorption spectra following 337.1 nm 
laser excitation of 4i (A,A*)» £1 and 4k (C,C' ) in 

benzene. Insets: kinetic traces ibr transient decay of 
^ (a), 4j_ (b), and 4k (c) at the wavelengths indicated. 
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in a manner proportionate to the shortening of the triplet 
lifetimes. However, no effect of oxygen (^9 mM) , DTBN 
( <30 nM) and ferrocene (£5 mM) was observed on the decay 
kinetics of the residual absorptions ( X = 380 and 

rni3X 

540 nm) in the case of 4i-k , except for 4 j , whe re the long- 
lived absorption at and near the short-wavelength maximum 
(350 nm) was found to undergo partial decay in the presence 
of oxygen and DTBN. 

Although the residual absorptions in the case of 4i-k 
show no tendancy of decay over the longest available time 
scale (100 \is) , these probably do not represent stable 
photoproducts because no long-wavelength absorption band 
systems were found to develop in the solutions of 4i--k that 
had been extensively photolysed by repetitive laser pulses 
(337ol nm) . Furthermore, the products ( dibenzosemibullva- 
lenes and cyclooc tatetraenes) isolated from the photolysates 
of 4i-k do not absorb at the long-wavelength spectral region 
(500-600 nm) where the laser-flash-photolytic products 
exhibit well-defined band systems (parts A* -C* , Figure I.S). 

I.3o4 Discussion . The formation of dibenzosemibull- 
valenes and products derived thereof, in the phototransfor- 
mations of 4f~i can be rationalised in terms of the pathway 

2 5 

shown in Scheme 1.3, involving triplet excited states. * 
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A benzo-vinyl bridging of the excited state species can 
lead to the diradical intermediates 7 or 9, which can then 
be transformed to the regioisomeric products 5 or 6, res- 
pectively, Secondary photoreactions involving intramole- 
cular hydrogen abstraction and other transformations lead 
to products such as llg and 12h. The exclusive formation 
of the 4b-subs tituted semibullvalene , ^ from may be 
explained in terms of the stabilization of the 'proximal' 
radical centres in 7 by through space interaction with the 
hydroxy group. A similar role of the hydroxy group in 
deciding regioselectivity has been reported in the litera- 

The 9-ethyl substituted dibenzobarrelene derivative 4g , 
on irradiation, gave both of the possible regioisomeric 
semibullvalene derivatives ^ (major) and ^ (minor). How- 
ever, the 9-benzyl substituted dibenzobarrelene gave the 
8b-subs tituted semibullvalene derived product 12h , exclusi- 
vely. It has been reported earlier that the irradiation of 

9-methyl substituted dibenzobarrelene yielded the 4b-sub- 

30 31 

s tituted semibullvalene exclusively. ’ The electronic 
effects due to methyl, ethyl and benzyl groups on diradical 
intermediates such as 7 and 2. are expected to be comparable 
and hence these results suggest that steric effects have a 
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role in controlling the regioselectivity in the photo- 
rearrangement of dibenzobarrelenes . 

However, it may be noted that dibenzobarrelenes having 
bulky bridgehead substituents such as 4i (cyclopentyl), ^ 
(isopropyl), 4k (cyclohexyl), and 41 ( cycloheptyl) exhibit 
a different photochemistry. These substrates, on irradia- 
tion, were converted to the corresponding dibenzocyclo- 
octatetraenes 16i-l , exclusively, except for wherein a 
considerable amount of the 4b-substituted dibenzosemibull- 
valene 5i was also formed. The formation of the dibenzo- 
cyclooctatetraenes 16i-l can be rationalised in terms of 

the pathway shown in Scheme 1,4, involving singlet excited 
5—7 

states and proceeding through quadricyclane intermedia- 
tes (15) . 

The formation of a small amount of ^ in the irradia- 
tion of 4g^ can be rationalised in terms of the pathway shown 
in Scheme 1.5. The dibenzoylalkene component in 4g can 
rearrange to the lactones or 2D via the diradical inter- 
mediates 17 or 19. We assume that the lactone 20, where 
ethyl and phenyl substituents are farther from each other 
will be preferentially formed. A similar rearrangement 
involving the 1,2-dibenzoyl alkene component in a bicy- 
clo[2,2,2]octene system has been reported earlier. 
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As is evident from the data in Table I.l, all the 
dibenzobarrelenes under examination are characterized by 
high intersystem crossing efficiencies (close to unity). 

The diffuse nature of the trip let- triplet absorption spe- 
ctra of the dibenzobarrelenes (Figure 1.5-8) suggests that 
the triplet excitation involves the barrelene chromophore 
as a whole, rather than being localized on the dibenzoylal- 
kene moiety. This, combined with the fact that the tri- 
plets are short-lived, is taken to mean that the latter can 
constitute important intermediates in the photochemistry 
observed under direct irradiation. Interestingly, for 
and 4k, the triplets are unusually short-lived (Table I.l). 
These are also the substrates for which, inspite of high 
$^’s, the barrelene-semibullvalene rearrangement does not 
occur as shown by preparative photochemical studies. It 
appears that the triplets of these systems undergo fast 
decay to metastable intermediates, which eventually revert 
back to the reactants. Based on our results, however, we 
are unable to ascertain if these intermediates ate di radi- 
cals 7 or 9 (Scheme 1.3) which are reluctant to undergo 
further transformation to the corresponding semibullvalenes 
It should be noted that the triplets of 4e-l may also under 
go the Norrish type II photoreaction (intramolecular 
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Y-hydrogen abstraction) leading to biradicals, which may 
eventually reketonize to the original reactants, 

1.4 EXPERIMENTAL SECTION 

All melting points are uncorrected and were determined 

on a Mel-Temp apparatus. The IR spectra were recorded on a 

Perkin-Elmer model 377 infrared spectrometer and the electro- 

1 13 

nic spectra on a Cary 219 spectrophotometer. H and C NMR 
traces were recorded on a Varian EM-390 and a Bruker HFX-90 
spectrometer, respectively, using tetramethylsilane as 
internal standard. The mass spectra were recorded on a 
Hitachi RMU-6E or a Varian Mat CH7 mass spectrometer at 
70 eV. All steady-state irradiation experiments were 
carried out in a Srinivasan-Griffin-Rayonet photochemical 
reactor or using a Hanovia 450 W medium pressure mercury 
lamp in a quartz-j acketted immersion well with or without 
pyrex filters . 

1.4,1 Starting Materials . Di benzoyl acetylene 
(DBA),^^*^ mp 110-111 °C, 9-hydroxymethylanthracene,^^ 
mp 162-163 °C, ll,12-dibenzoyl-9,10-dihydro-9-hydroxy- 
9 , lO-ethenoanthracene (4a), mp 212— 213 ^C, 11,12-diben- 
zoyl-9,10-dihydro-9-methoxy-9,10-ethenoanthracene (4b) 
mp 146 °C, 9-ace toxy-ll,12-di benzoyl-9, 10-dihydro- 
9 , lO-ethenoanthracene (4c) mp 232-233 °C, 9-cyano- 
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ll,12-dibenzoyl-9,10-dihydro-9»10-ethenoanthracene (4d) , 
mp 198 °C, ll,12~dibenzoyl-9»10~dihydrO“9-formyl-9 ,10-etheno*- 
anthracene (4e) mp 191 and ll,12-dibenzoyl“9,10-di- 

hydro-9-e thy 1-9 ,10--etheno anthracene (4^) > mp 217 C were 
prepared by known procedures. 9-Benzylanthracene , mp 135 °C, 
9-isopropylanthracene , mp 75-76 ^C, 9-cyclopentylanthracene , 
9-cyclohexylanthracene , mp 125-126 °C, and 9-cycloheptylan- 
thracene, mp 114-115 °C were prepared by adaptation of known 
procedures. Solvents for steady-state irradiation experi- 
ments were purified and distilled before use. Petroleum 
ether used was the fraction with bp 60-80 Aldrich Gold- 

Label solvents were used for laser studies. 

I.4o2 Preparation of 11.12-Dlbenzoyl-9,10-dihvdro- 
9 t 10-ethenoanthracenes 4f,h-l . Dibenzobarrelene 4£ was 
prepared by refluxing an equimolar mixture of 9-hydroxy- 
methylanthracene and DBA in dry toluene for 36 h. Removal 
of solvent under reduced pressure gave crude ^ as a brown 
residue, which was washed with chilled methanol and recry- 
stallized from a mixture (4:1) of benzene and petroleum 
ether. Dibenzobarrelenes 4h-l were prepared by treating an 
equimolar mixture of the appropriate anthracene and anhy- 
drous aluminium chloride with DBA in chloroform at 0 °C. 


After 1 h, the mixture was poured over crushed ice, acidified 
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with dilute hydrochloric acid and extracted with chloro- 
form. The chloroform layer was separated and dried over 
anhydrous magnesium sulphate. Removal of chloroform gave 
crude 4h-l , which were washed with warm methanol and puri- 
fied by recrystallization from a mixture (1:1) of chloro- 
form and methanol. 

11 , 12-Di benzoyl-9 , 10-dihvdro-9-hydroxvmethyl-9 ,lQ-e the- 
noanthracene (4f ) . 4f was obtained in a 88j< yield, mp 
223-224 °C. 

IR spectrum V (KBr) : 36CX), 3570 (OH), 3060, 2920, 
rnBX 

2880 (CH), 1640 (C=0), 1590 and 1575 (C=C) cm“^. 

UV spectrum X (CHoOH) : 255 nm (e , 19,800) and 

nioX 

322 (1600).. 

NMR spectrum (CDCl^); 6 2.80 (1 H, t, J = 4.5 Hz, 

D^O exchangeable, OH), 5.10 (2 H, d, J = 4.5 Hz, CH^) , 

5.60 (1 H, s, bridgehead), and 7.40 (18 H, m, aromatic). 

Anal . Calcd for ^31^22^3* 84.16; H, 4,98. 

Found: C, 83.88; H, 4.98. 

9-Benzvl-lltl2-dibenzovl-9 ,10-dihvdro-9, 10-e the no- 
anthracene (4h) . 4h was obtained in a 83>< yield, mp 163- 
164 °C. 

IR spectrum (KBr): 3050 , 3020, 2980 (CH), 1645 

(C=0), 1590 and 1575 (C=C) cm-^ 


9 
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UV spectrum (CH^OH) ; 256 nm (e, 19,400) and 

330 (1050). 

NMR spectrum (CDCl^) : 64o35 (2 H, s, CH 2 ) , 5^60 

(1 H, s, bridgehead), and 7.25 (23 H, m, aromatic). 

Anal . Calcd for ^21^2(P2' 88.45; H, 5.18. 

Found: C, 88.92; 4.80. 

9--Cvclopentvl-ll , 12-dibenzovl~9 « 10~dihvdro--9 . 10~e theno- 
anthracene (4i). 4i was prepared in a 81^ yield, mp 211- 
212 °C. 

IR spectrum ^ (KBr) : 3050, 3020, 2920, 2850 (CH), 

Ilia X 

1640 (C=0), 1590 and 1560 (C=C) cm"^. 

UV spectrum X (CH„OH): 256 nm ( e, 19,800) and 

Ul a X O 

326 ( 1100 ). 

NMR spectrum (CDCI 3 ) : 6 2.05 and 3.80 (9 H, m, 
cyclopentyl), 5.45 (1 H, s, bridgehead) , and 7.30 (18 H, m, 
aromatic). 

Anal . Calcd for '^ 35 ^ 23 ^ 2 * 87.50; H, 5.83. Found; C, 

87.45; H, 5.78, 

ll,12-Dibenzovl-9 . 10-dihvdro-9-isopropyl-9 , 10-etheno- 
anthracene (4j ) . 4j was obtained in a 90>^ yield, mp 180- 
181 °C. 
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IR spectrum V (KBr) : 3050, 2980, 2890 (CH) , 1650 
max 

(C=0), 1590 and 1570 (C-C) cm“^. 

UV spectrum (CH^OH) : 256 nm (e , 20,800) and 

max 

330 (1300). 

NMR spectrum (CDCl^); 5 1.35 (3 H, d, CH^) , lo65 
(3 H, d, CH^) , 3.65 (1 H, m, CH) , 5.35 (1 H, s, bridgehead), 
and 7.38 (18 H, m, aromatic). 

Anal . Calcd for ^ 23 ^ 26 '^ 2 ' 87.22j H, 5.73. Found: C, 

87.15J H, 5.58. 

9-Cyc lohexyl-ll .12-dibenzoyl--9 . lO-dihvdro-9 , 10-e theno- 
anthracene (4k). ^ was isolated in a 92/. yield, mp 219- 

220 °C. 

IR spectrum (KBr): 3060, 3020, 2930, 2850 (CH) , 

1635 (C=0), 1580 and 1560 (C=C) cm"^. 

UV spectrum X (CH^OH): 256 nm ( e, 20,000) and 
roax 

327 (1500). 

^H NMR spectrum (CDCI 3 ): 6 1.90 and 3.30 (11 H, m, 
cyclohexyl), 5.35 (1 H, s, bridgehead), and 7.45 (18 H, m, 
aromatic). 

Anal » Calcd for C, 87.45; H, 6.07. Found: C, 


87.20; H, 5.95 
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9-C'vclohep tyl-ll ,12-dibenzovl-9 ,10~dihYdlro-9 ,10-etheno- 
anthracene (4k) o 4k was obtained in a S6yi yield, mp 194- 
195 °C. 

IR spectrum (KBr) : 3080, 3060, 3030, 2960, 2940, 

2920, 2850 (CH) , 1650 (C=0), 1590 and 1560 (C=C) cm“^o 

UV spectrum (CH3OH) : 256 nm (e, 19,800) and 

326 (1400). 

NMR spectrum (CDCl^): 61.50 and 3.50 (13 H, m, 
cycloheptyl) , 5.35 (1 H, s, bridgehead), and 7.40 (18 H, m, 
aromatic) . 

Anal . Calcd for ^37H3202: C, 87.40; H, 6.30. Found: C, 
87.13; H, 6.06. 

1.4.3 Irradiation of 11 , 12-Dibenzoyl~9 , lO-dihydro- 
9~hydroxvmethvl-9 .lO-ethenoanthracene (4f ) . A solution of 
4f (442 rag, 1 mmol) in benzene (175 mL) was irradiated using 
a Hanovia 450 W medium pressure mercury vapour lamp for 
1/4 ho Removal of the solvent gave a residue, which was 
triturated with carbon tetrachloride to separate 285 mg {64'/,) 
of mp 190--191 °C, after recrystallization from a mixture 
(4:1) of benzene and petroleum ether. 

IR spectrum v (KBr) : 3470, 3320 (OH), 3060, 3025, 
2960, 2920 (CH) , 1650 (C=0), 1590 and 1580 (C=C) cm~^. 
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UV spectrum (CH^OH) : 221 nm (e, 34,400, sh) , 

248 (24,800), and 284 (5100). 

■^'^C NMR spectrum (CDCl^): 6. 48.37 (C-8b) , 59.53 (CH 2 ) , 
61.67 (C-4b), 119o9-150oll (aromatic), and 195.27 and 197.00 
(C=0). 

Mass spectrum, m/e (relative intensity): 440 (M^, 10), 
410 (M"^- CH^O, 36), 335 (m"^- C^H^CO, 2), 318 (M’*'- C^H^CO, 

- OH, 7), 305 (m'*'- C^H^CO, - CH 2 O, 10), 105 (C^H^CO'*', 100), 
and other peaks. 

Anal . Calcd for C 3 j_H 2203 : C, 84.16; H, 4.98. Found: C, 
84.10; H, 5.25. 

In a repeat run, a methanol solution of 4f (442 mg, 

1 mmol in 175 mL) was irradiated and worked up under identi- 
cal conditions to separate 365 mg (83;^) of mp 190-191 °C 
(mixture melting point). 

In yet another run, a solution of ^ (442 mg, 1 mmol) 
in acetone (175 mL) was irradiated and worked up as in the 
earlier cases to separate 350 mg (79/.) of mp 190-191 °C 
(mixture melting point). 

1.4.4 Irradiation of ll,12-Dlbenzovl-9,10-dihydro- 

32 

9-ethvl-9 .10-e thenoanthracene (4q) . A solution of 4£ 

(880 mg, 2 mmol) in benzene (175 mL) was irradiated using a 
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Hanovia 450 W medium pressure mercury vapour lamp for 1 ho 
The solvent was removed under reduced pressure and the 
resultant residue was chromatographed over silica gel. 

Elution with a mixture (2:3) of benzene and petroleum ether 
gave 545 rag (62^) of mp 192-193 °C (lit.^^ mp 192 , 

after recrystallization from a mixture (2:3) of benzene and 
petroleum ether. Further elution with a mixture (1:1) of 
benzene and petroleum ether gave 25 mg (3;^) of the unchanged 
4g , mp 216-217 (mixture melting point) . Continued elu- 
tion with a mixture (7:3) of benzene and petroleum ether 
gave 160 mg (18^) of the isomeric hydroxy compound llg , 
mp 175 (dec.), after recrystallization from a mixture 

(1:1) of chloroform and methanol. 

IR spectrum V (KBr) : 3500 (OH), 3050, 3020, 2960 (CH), 

lUHX 

and 1590 (C=C) cm~^. 

UV spectrum (CH^OH) : 213 nm (e, 29,300, sh) , 

244 (28,600), and 272 (5800, sh). 

Anal . Calcd for C^2^2A^2' 87.26; H, 5.45. Found: C, 

86.93; H, 5.65. 

In a repeat run, irradiation of a methanol solution of 
4g (880 mg, 2 mmol in 175 mL) under analogous conditions, 
followed by workup in the usual manner gave 600 mg (68*/i) of 
mp 192-193 °G (mixture melting point), 115 mg (13j^) of 
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c? 

llq , mp 175 C (dec,, mixture melting point) and 25 mg {3yi) 
of the unchanged mp 216-217 °C (mixture melting point) . 

In another run, a solution of 4^ (880 mg, 1 mmol) in 
acetone (175 mL) was irradiated and worked up as in the 
earlier cases to separate 555 mg (63-/.) of mp 192-193 °C 
(mixture melting point), 165 mg (19/<) of llg , mp 175 °C 
(dec., mixture melting point), 25 mg (3/) of the unchanged 4g, 
mp 216-217 °C (mixture melting point) and 20 mg {2-/.) of an 
isomeric lactone 20, mp 171-172 °C (elution with a mixture 
(1:4) of benzene and petroleum ether and recrystallization 
from methanol), 

IR spectrum (KBr) : 3060, 2980, 2920 (CH), 1750 

(C=0), 1645 and 1590 (C=C) cm“^, 

UV spectrum X ^ (CHoOH) : 236 nm ( e, 7700), 265 (2500, 

niax o 

sh), 272 (2100, sh), and 279 (1700, sh). 

Mass spectrum, m/e (relative intensity): 440 (M"**, 19), 
412 (M"^ - CO, 1), 411 (M"^ - 11), 363 (M"^ - 100), 

335 (M"^ - C^H^CO, 47), 105 ( C^H^CO*^ , 100) , and other peaks. 

Anal , Calcd for ^32^24^2* 87.26; H, 5.4 5, Found: C, 

87.20; H, 5.74. 

1,4,5 Irradiation of 9-Benzyl-11^12-dibenzoyl-9,10-di- 
hvdro-9 , 10-ethenoanthracene (4h) . A benzene solution of 4h 
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(502 mg, 1 mmol in 150 mL) was irradiated for 3 h (RPR, 

350 nm) . After removal of the solvent under reduced 
pressure, the residue was chromatographed over silica gelo 
Elution with a mixture (3i7) of benzene and petroleum ether 
gave 110 mg (22;^) of 9-ben2ylidene-9a,10-dibenzoyl-- 
4b,9 ,9a,10-te trahydro- cis -indeno[l,2-“a] indene ( 12h ) , mp 
222 °C, after recrystallization from a mixture (1:1) of 
chloroform and methanolo 

IR spectrum V (KBr) : 3050, 3010, 2960 (CH), 1665 

ms X 

(C=0), 1590 and 1570 (C=C) cm”^. 

UV spectrum ^ (CHoOH): 244 nm (e , 32,700), 274 

ill O A 

(12,900), 283 (11,300, sh) , and 292 (10,200, sh)o 

NMR spectrum (CDCl^): 6 5„65 (1 H, s, H-4b) , 6.29 
(1 H, s, H-10) , and 7.40 (24 H, m, aromatic and benzylidenic) . 

NMR spectrum (CDCI3) : 6 5'6.22 (C-10) , 61. 32 (C-4b) , 
73.32 (C--9a), 123. 76-148.80 (aromatic and vinylic), and 
198.88 and 199.14 (C=0). 

Mass spectrum, m/e (relative intensity): 502 (M*^, 15), 

397 (M"*” - C^%C0, 17), 105 (C^H^CO"^, 100), and other peaks. 

Anal . Calcd for ^37^26^2* 88.45} H, 5.18. Found: C, 


88.36} H, 5.22 
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Further elution with a mixture (1:1) of benzene and 
petroleum ether gave 210 mg (42‘/.) of the unchanged 4h, mp 163- 
164 °C (mixture melting point)® 

In a repeat run, a methanol solution of 4h (502 mg, 

1 mmol in 150 mL) was irradiated and worked up as in the 

o ^ 

earlier cases to separate 105 mg (2iy.) of 12h , mp 222 G 
(mixture melting point) and 280 mg (56><) of the unchanged 
4h . mp 163-164 (mixture melting point) » 

In yet another run, a solution of 4h (502 mg, 1 mmol) 
in acetone (150 mL) was irradiated for 2 h (RPR, 253o7 nra) . 
Workup as in the earlier cases yielded 90 mg (IS*/) of 12h , 
mp 222 (mixture melting point) and 265 mg (537^) of the 

unchanged 4h, mp 163-164 °C (mixture melting point)® 

I.4®6 Irradiation of 9-Cvclopentvl-ll ,12-dibenzovl - 
9 , lO-dihvdro-9 , lO-ethenoanthracene (^) . A benzene solution 
of ^ (480 rag, 1 mmol in 150 mL) was irradiated for 2 h 
(RPR, 350 nm) . The solvent was removed under reduced pressure 
and the resultant residue was chromatographed over silica gel® 
Elution with a mixture (2:3) of benzene and petroleum ether 
gave 95 mg (207^) of the unchanged 4i, mp 211-212 (mixture 
melting point). Further elution with a mixture (1:1) of 
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benzene and petroleum ether gave a mixture of the dibenzo- 
semibullvalene ^ and the dibenzocyclooctatetraene 161 , 
which were separated by fractional crystallization from a 
mixture (1:1) of chloroform and raethanolo The fraction 
that separated out first was identified as 16i (115 mg, 

25j<), mp 188--189 °C, after recrystallization from a mix- 
ture (1:1) of benzene and petroleum ether. 

IR spectrum ^ (KBr) : 3050, 3020, 2910, 2840 (CH) , 
1650 (0=0), 1590 and 1570 (C=C) cm~^. 

UV spectrum X (CH^OH) : 248 nm (e, 27,800) and 
286 (9300, sh)o 

NMR spectrum (CDCl^) i <5 1.90 (9 H, m, cyclopentyl), 
and 7.70 (19 H, m, aromatic and vinylic). 

Mass spectrum, m/e (relative intensity): 480 (M"*", 80), 
412 (M'^ - CgHg, 20), 375 (M*^ - C^H^CO, 85), 307 (M"^ - 
C^H^CO, - C^Hg, 77), 105 (C^H^CO"’’, 100), and other peaks. 

Anal . Calcd for ^35^28*^2* 87.50j H, 5.83. Found: C, 

87.85; H, 5.91. 

The mother liquor, after the separation of 16i , was 
concentrated to isolate 85 mg (18><) of mp 170-171 ^C, 

after re crystallization from a mixture (1:1) of benzene and 
petroleum ether. 
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IR spectrum V ^ (KBr) : 3050, 3010, 2920, 2840 (CH) , 

Tu3X 

1660 (C=0), 1590 and 1580 (C=C) cm~^. 

UV spectrum X (CH^OH) : 221 nm (e , 32,000, sh) and 
rn 3 X o 

255 (23,100). 

NMR spectrum (CDCI3): 6 1.55 and 3.30 (9 H, m, 
cyclopentyl), 4,7 (1 H, s, H-8b) , and 7.40 (18 H, m, 
aromatic) . 

Anal . Calcd for ^35^28^2* 87.50; H, 5.83. Found; C, 

87.15; H, 6.05. 

In a repeat run, the irradiation of a solution of 4J. . 

(480 mg, 1 mmol) in methanol (150 mL), followed by workup 
under analogous condi tions, gave 95 rag i20yi) of the unchanged 41 , 
mp 211-212 °C (mixture melting point), 100 mg {21'/.) of 5i , 
mp 170-171 °C (mixture melting point), and 110 mg (23;^) of 
161 , mp 188-189 (mixture melting point) . 

In another run, an acetone solution of 4i (480 mg, 

1 mmol in 150 mL) was irradiated for 2 h (RPR, 253.7 nm) . 

Workup as in the earlier cases yielded 95 mg (20/.) of the 
unchanged 4i, mp 211-212 °C (mixture melting point) , 110 mg 
{23'/.) of mp 170-171 (mixture melting point) and 
100 mg (21>^) of 16i , mp 188-189 °C (mixture melting point) . 
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Irradiation of Iltl 2 -Diben 20 vl~ 9 ,10-dihvdro-- 
9-isopropvl-9 , 10-e thenoanthracene (4j ) . A solution of ^ 
(454 mg, 1 mmol) in benzene (150 mL) was irradiated for 3 h 
(RPR, 350 nm) . The photolysate, after removal of the sol- 
vent under reduced pressure, was chromatographed over silica 
gelo Elution with a mixture (2:3) of benzene and petroleum 
ether gave 215 mg (45^) of the unchanged mp 180-181 °C 
(mixture melting point) o Further elution with a mixture 
( 1 : 1 ) of benzene and petroleum ether gave 100 mg (22/,) of 
the dibenzocyclooctate traene 161 * mp 149-150 °C, after 
recrystallization from a mixture ( 1 : 1 ) of chloroform and 
me thanolo 

IR spectrum v (KBr) : 3060, 2960, 2920 (CH), 1660 
max 

(C=0), 1590 and 1575 (C=C) cm“^. 

UV spectrum X (CH„0H) : 248 nm (e , 28,800) and 

nicix o 

280 (10,900, sh). 

NMR spectrum (CDCI 3 ) : 6 0.85 (3 H, d, CH 3 ) , 0.95 
(3 H, d, CH 3 ) , 3.5 (1 H, m, CH) , 5.8 (1 H, s, vinylic) and 
7.50 (18 H, m, aromatic). 

NMR spectrum (CDCI 3 ) : 6 21.75 (CH3), 34.00 (CH), 
126.00-148ol4 (aromatic and vinylic), and 195.80 and 197*68 
(C=0) . 
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Mass spectrum, m/e (relative intensity): 454 (M^, 7), 

411 (M^ - CH(CH3)2, 9), 349 (M'^ - C^H^CO, 8), 348 (M'^ - 

C^H^CX), - H, 10), 306 (M"^ - C^H^CO, - CH(CH2)2» 10) » 

105 (C^H^CX)'*’, 100), and other peaks. 

Anal . Calcd for 023H2^02: C, 87<,22; H, 5.73. Found: C, 
87o05; H, 5.58. 

In a repeat run, a methanol solution of ^ (454 mg, 

1 mmol in 150 mL) was irradiated under analogous conditions 
and worked up as in the earlier cases to give 220 mg (48><) 

of the unchanged 4j_, mp 180-181 °C (mixture melting point) 

and 95 mg {21'/.) of 16j , mp 149-150 °C (mixture melting 
point) . 

In yet another run, a solution of ^ (454 mg, 1 mmol) 
in acetone (150 mL) was irradiated for 2 h (RPR, 253.7 nra) . 
Workup as in the earlier cases gave 230 mg (51-/) of the 
unchanged 4J_, mp 180-181 °C (mixture melting point) and 
95 mg (21><)of 16.j , mp 149-150 °C (mixture melting point). 

1.4.8 Irradiation of 9-Cvclohexyl-ll , 12-dibenzovl- 
9 , lO-dihvdro-9 , 10-e thenoanthracene (4k). A solution of 4k 
(494 mg, 1 mmol) in benzene (150 mL) was irradiated for 4 h 
(RPR, 300 nm). After removal of the solvent under reduced 
pressure, the residue was chromatographed over silica gel. 
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Elution with a mixture (2:3) of benzene and petroleum ether 
gave 105 mg {2ly,) of the unchanged 4k, mp 219-220 °C (mix- 
ture melting point). Further elution with a mixture (1:1) 
of benzene and petroleum ether gave 270 mg (55j<) of the 
dibenzocyclooctate traene 16k , mp 228-229 after recry- 

stallization from a mixture (1:1) of chloroform and methanol. 

IR spectrum v (KBr) : 3060, 3020, 2920, 2840 (CH) , 

1650 (C=0), 1590 and 1575 (C=C) cm”^. 

UV spectrum \ ^ (CH^OH) : 248 nm ( £, 25,900) and 275 

max o 

(9400, sh) . 

NMR spectrum (0001^)5 6 1.70 (11 H, m, cyclohexyl) 
and 7.75 (19 H, m, aromatic and vinylic). 

NMR spectrum (CDCl^): 625.37, 26.10, 31.65, 31.87 
and 45.06 (cyclohexyl), 126.35-148.59 (aromatic and vinylic), 
and 195.79 and 197.77 (C=0). 

Mass spectrum, m/e (relative intensity): 494 (M*^, 9), 
412 (M*^ - O^^iQf 4), 389 (M"^ - C^t%C0, 6), 307 (M"^ - C^H^CO, 

- 15), 105 (C^HgCO'*', 100), and other peaks. 

Anal . Calcd for 0^^^112002: C, 87.45j H, 6.07. Found: C, 
87,11; H, 6.41. 

In a repeat run, a solution of 4k (494 mg, 1 mmol) in 

methanol (150 mL) was irradiated f or 4 h. and (worked , up as 

1 ! K/ ' 


4 r\r*ri A 1 
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in the earlier cases to give 80 mg (16><) of the unchanged 
4k , mp 219-220 °C (mixture melting point) and 225 mg (46j<) 
of 16k , mp 228-229 °C (mixture melting point) . 

In another run, a solution of 4k (494 mg, 1 mmol) in 
acetone (150 mL) was irradiated for 3 h (RPR, 253,7 nm) 
and worked up to give 80 mg {Ity.) of the unchanged 4k, 
mp 219-220 *^0 (mixture melting point) and 225 mg (46>i) of 
16k , mp 228-229 °C (mixture melting point) . 

1.4.9 Irradiation of 9-Cvclohep tyl-ll ,12-dibenzovl- 
9 , lO-dihvdro-9 , 10-e thenoanthracene (41). A solution of 41 
(100 mg, 0.2 mmol) in benzene (150 mL) was irradiated for 
5 h (RPR, 350 nm) . Removal of the solvent under vacuum and 
recrystallization of the resultant residue from a mixture 
(1:1) of chloroform and methanol gave 88 mg (88><) of 161 , 
mp 197-198 °C. 

IR spectrum V ^ (KBr) : 3040, 3020, 2900, 2840 (CH) , 
insx 

1650 (C=0), 1580 and 1550 (C=C) cm""^. 

UV spectrum „ (CH-^OH) : 248 nm (e, 25,400) and 277 

UlQX O 

(9600, sh). 

NMR spectrum (CDCl^): 6 1.85 (13 H, m, cycloheptyl) 
and 7.60 (19 H, ra, aromatic and vinylic). 

Anal . Calcd for ^ 37 ^ 32 *^ 2 * 87.40; H, 6.30 . Found: C, 

87.13; H, 6.21. 
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In a repeat run, a methanol solution of 41 (100 mg, 

0o2 mmol in 150 mL) was irradiated for 5 h (RPR, 350 nm) . 
Removal of the solvent under vacuum gave a product mixture, 
which was separated by preparative thin layer chromatogra- 
phy over silica gel to give 20 rag (20>^) of the unchanged 41 , 
mp 211—212 ‘^C (mixture melting point) and 70 mg (70^^) of 
161, mp 197-198 °C (mixture melting point) o 

1.4.10 Attempted Triplet Sensitized Irradiations of 
the Dibenzobarrelenes 4i-l . Benzene solutions of 4i-l 
(2.2 mM) were irradiated separately, in the presence of 
excess of biacetyl (22 mM) as sensitizer for 1/4-1/2 h, 
using the output from a Hanovia 450 W medium pressure mer- 
cury vapour lamp, selectively filtered through a pyrex 
glass sleeve (1 mm thick) and a 0,02‘/C (w/v) solution of 

9 , 10-dibromoanthracene in toluene (path length, 1 cm). 

Workup of the mixture in the usual manner gave unchanged 
4i-l (87-92^). 

1.4.11 Ozonolysis of 9-Benzvlidene-9a, lO-dibenzoyl- 
4b,9 ,9a. 10-te trahydro - cis - indeno[l,2-a]indene ( 12h ) . A 
solution of 12h (250 mg, 0.5 mmol) in methanol (50 mL) was 

''O' 

ozonized at 0 C. The reaction mixture was treated with 
excess of alkaline hydrogen peroxide, poured into water and 
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extracted with chloroforme Removal of the solvent under 
vacuum gave a residue, which was triturated with methanol 
and recrystallized from a mixture (1:1) of benzene and 
petroleum ether to give 125 mg (57><) of J^, mp 208-209 
(mixture melting point) o Acidification of the aqueous 
layer gave 30 mg (50^) of benzoic acid ( J^) , mp 121-122 
(mixture melting point), after recrystallization from water. 

53 

1.4.12 Laser Flash Photolysis . The laser flash 
photolysis studies were performed mostly with 337 <,1 nm laser 
pulses (8 ns, 2-3 mj) from a Molectron UV-400 nitrogen laser 
system. For some experiments, outputs at 485 and 532 nm 

(6 ns, 5-10 mJ ) from a Quanta-Ray Nd-Yag DCR-1 source coup- 
led with Quanta-Ray PDL-1 dye laser were also used. The 
details of the kinetic spectrophotometer and data collection 
system are given elsewhere. * 

53 

1.4.13 Pulse Radiolysis o The pulse radiolysis 
experiments were performed, employing 7-MeV electron pulses 

(5 ns) from the Notre Dame ARC0-LP~7 linear accelerator in 

69 70 

the computer controlled apparatus, described elsewhere. * 
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CHAPTER II 


PHOTOCHEMICAL TRANSFORMATIONS OF A FEW 
( E) -l--( 2-ARYLIDENE-l-PHENYLHYDRAZINYL) -1 ,2 -DI BENZOYL - 

ETHYLENES 


II. 1 ABSTRACT 

The photochemistry of several (E)-l-(2-arylidene~ 
l-phenylhydra 2 inyl)-l, 2 -clibenzoylethylenes such as 
( E) -1“( 2-benzylidene-l-p henylhydrazinyl ) -1 ,2-dibenzoyl~ 
ethylene ( 12a ) , (E)-l-(2-p-methylbenzylidene-l-phenyl- 
hydrazinyl) -1,2-dibenzoylethylene ( 12b ) , (E)--l-(2-p-methoxy- 
benzylidene-l-phenylhydrazinyl)-l,2-dibenzoylethylene ( 12c ) , 
(E)--l“(2~p-cyanobenzylidene-l-phenylhydrazinyl)-l ,2-diben- 
zoylethylene ( 12d ) , (E)-l-(2-p-acetoxybenzylidene-l-phenyl- 
hydrazinyl)-l»2-dibenzoylethylene ( 12e ) , (E) -l-(2-’p-carbo- 
me thoxybenzylidene-l-phenylhydrazinyl) -1 , 2 -diben 2 oyle thylene 
( 12f ) , (E)-l-(2--£-dimethylaminobenzylidene-“l->p henylhydra- 
zinyl) -1,2-dibenzoylethylene ( 12g ) , and(E)-l-(2-£-chloro- 
benzylidene-l-p henylhydrazinyl) -1,2-dibenzoylethylene (I2h) 
has been examined by steady-state irradiation, product ana- 
lysis and laser flash photolysis. The 1,2-dibenzoylethy- 
lenes 12a-h have been prepared by the addition of the 
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corresponding benzaldehyde phenylhydrazones 9a-h to 
dibenzoylace tylene (DBA, 10) . 

Irradiation of 12a-h in solvents such as benzene and 
methanol gave the corresponding 3-aryl -4, 5-dibenzoyl~l~phenyl- 
pyrazoles 18a-h in good yields, along with small amounts of 
1-anilino-l ,2-dibenzoyle thylene (19) and the unchanged 12a-h » 
The formation of pyrazoles 18a-h in these reactions can be 
understood in terms of photochemical electrocyclic ring 
closure reactions, leading to zwitterionic intermediates 
13a-h , which subsequently undergo intramolecular hydrogen 
shifts to give the corresponding pyrazolines 14a-h . Subse- 
quent air oxidation of these pyrazolines will lead to the 
pyrazoles 18a-h . The formation of small amounts of in 
these reactions can be understood in terms of photofragmen- 
tation reactions, resulting in N-N bond cleavage, followed 
by hydrogen atom abstraction reactions « 

The transient absorption spectral changes from direct 
laser excitation, as well as under triplet sensitization are 
explained in terms of the formation of zwitterionic inter- 
mediates 13a-h and in part, by cis-trans isomerization of 
the ethylenic double bond* The triplets of 12a-h are not 
observed on the nanosecond time scale, presumably because 
of their short lifetimes. 
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II. 2 INTRODUCTION 

1,2-Dibenzoylalkenes are known to undergo interesting 

photorearrangements leading to ketene derived products, 

1-5 

besides cis-trans isomerization. Thus, it has been 

reported that the irradiation of cis -dibenzoyls tilbene (J.) 
in a mixture (1:1) of benzene and methanol, for example, 
gives a mixture of methyl 4-phenoxy-3,4,5-triphenyl-3-bute- 
noate (4b) and trans -di benzoyls tilbene ( 3) Similar 
transformations have been observed in the case of dibenzoyl- 
styrene, 1,2-dibenzoyle thylene and related dibenzoylalkenes . 
Padwa et al. have shown that the photolysis of trans - 
dibenzoyls tilbene (3) gives rise to different products, 

" depending on the solvent employed. Thus, the photolysis of 
3 in dry benzene, for example, gave a mixture of cis - 
dibenzoyls tilbene (].) and l-hydroxy-2 ,3-diphenyl"-4-phenoxy- 
naphthalene (6), whereas 4-phenoxy-2,3,4-triphenyl-3-bu- 
tenoic acid (4a) was formed in aqueous dioxane. The forma- 
tion of the different products in such reactions has been 

3 4 

rationalized in terms of the pathway shown in Scheme II d. * 

Recent studies from this laboratory have shown that 
the irradiation of cis -l,2-dibenzovlalkenes , wherein the 
cis-trans isomerization is restricted due to structural 
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constraints, gives rise to ketene-de rived products pre- 
dominantly..^ Also, it has been shown that the photo- 
transformations of l, 2 -diben 2 oylalkenes are strongly 

influenced by the nature of the substituents present in 
7—18 

them. Thus, dibenzobarrelenes containing 1,2-diben- 

zoylalkene moieties have been found to undergo reactions 

9—12 19 

characteristic of barrelene chromophore, * whereas, 
1-imidazolyl and l-pyrazolyl-l,2-dibenzoylalkenes undergo 
the dibenzoylalkene rearrangement, as well as electro- 
cyclic reactions involving aryl substituents present on 
the imidazolyl and pyrazolyl rings. ” In contrast 
to these, l-aziridinyl-l ,2-dibenzoylalkenes have been 
found to undergo facile ring-expansion reactions leading 
to pyrazoline derivatives and photofragmentation rea- 
ctions . 

20 

In some preliminary studies, we had shown earlier 

that (E)-l-(2-arylidene-l-phenylhydrazinyl)-l,2-dibenzoyl- 

ethylenes such as 12 a, c undergo photocyclization, leading 

to the corresponding 3-aryl-4,5-diben2oyl-l-phenylpyra- 

zoles, A close examination of the structural features of 

12a, c reveals that these substrates, in principle, should 

be capable of undergoing dibenzoylalkene rearrangement, 

1-5 

leading to ketene derived products and also the 
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21-25 

pentadienyl anion mode of cyclization, leading to 

pyrazoline derivatives. It would be expected that such 
cyclization reactions are symmetry allowed both under 
photochemical and thermal conditions. In this context, 
it was felt necessary to examine the photochemistry of 
some representative (E)-l-(2-arylidene-l-phenylhydra- 
zinyl) -1 ,2— dibenzoylethylenes to study the nature of 
products formed in these reactions and also the mechani- 
stic details. In the present studies, we have examined 
the photochemistry of several (E) -l-(2-arylidene-l-phenyl- 
hydrazinyl)-l,2-dibenzoylethylenes to study the mode of 
reaction followed by these substrates and also to chara- 
cterize the transients involved through laser flash pho- 
tolysis studies. The substrates that we have examined 
include (E) -l-(2-benzylidene-l-phenylhydrazinyl)-l ,2-di- 
benzoylethylene ( 12a ) , (£)-!-( 2-p-methylbenzylidene- 
l-phenylhydrazinyl)-l,2-dibenzoylethylene ( 12b ) , 
(E)-l-(2-p-methoxybenzylidene-l-phenylhydrazinyl) - 
1,2-dibenzoylethylene (12c), (E)-l-(2-£-cyanobenzylidene- 
l-phenylhydrazinyl)-l,2-dibenzoylethylene ( 12d ) , 

(£) -l-( 2-p-ace toxybenzylidene-l-phenylhydrazinyl) -1 ,2-di- 
benzoyle thylene ( 12e ) , (E) -l-(2-p-carbomethoxybenzylidene- 
l-phenylhydrazinyl)-l ,2-dibenzoyle thylene ( 12f ) , 

(E)-1-( 2-£-dime thylaminobenzylidene-l-phenylhydrazinyl) - 
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1 .2- dibenzoylethylene ( , and (E) -l-( 2-£-chloro~ 
benzylidene-l-phenylhydrazinyl)-l , 2 -diben 2 oylethylene ( 12h ) . 

II. 3 RESULTS AND DISCUSSION 

II»3.1 Preparation of Starting Materials . It has 
been reported earlier that (£)-!-( 2-arylidene~l-phenyl- 
hydrazinyl)-! ,2-dibenzoyle thylenes such as 12a. c could be 
prepared in low yields by the addition of the corresponding 
benzaldehyde phenylhydrazones 9a .c to dibenzoylace tylene 
(DBA, 10) in refluxing methanol. In the present studies 
we have found that (E)-l-(2-arylidene-l-phenylhydrazinyl)- 

1 .2- dibenzoyle thylenes 12a-h could be. prepared in high 
yields through the addition of the corresponding benzalde- 
hyde phenylhydrazones 9a-h to DBA (10) in refluxing aceto- 
nitrile and in the presence of anhydrous potassium carbo- 
nate (Scheme II. 2). The structures of the adducts 12a-h 
have been arrived at on the basis of analytical results, 
spectral data and comparison with authentic samples pre- 
pared by known procedures. The stereochemistry across the 
carbon-carbon double bond in 12a-h has been assigned as 

that of the E configuration, on the basis of their electro- 

20 27 — 23 29 

nic spectra V and literature precedents. * 

II. 3.2 Preparative Photochemistry and Product Identi- 
fication. Irradiation of a benzene solution of 12a for 
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2 h gave a mixture of 4 ,5-clibenzoyl-l jS-diphenylpyrazole 
( 18a , 78>^)^and l-anilino-l,2-dibenzoylethylene (19, 6;^), and 
a small amount (5^) of the unchanged 12a (Scheme II. 3). Irra- 
diation of 12a in methanol, under analogous conditions, also 
gave a mixture of 18a (63><), ^ (5>J), and the unchanged 12a 
(28><). Similarly, the irradiation of 12b-h in benzene gave 
the corresponding 3-aryl-4 ,5-dibenzoyl~l--phenylpyrazoles 
18b (82>i), 18c (68;^), ^ (43/.), 1^ (81;^), 18f (83;/i) , 18g 
(46;^), and 18h (83yi), respectively, along with small amounts 
{ 1 - 6 '/) of 19, in each case. Likewise, the irradiation of 
12b-h in methanol also gave 18b { 66 '/.), 18c (68>i), 18 d { 47 '/), 
18e { 73 '/), 18f { 77 '/), 18g { 47 '/), and 18h { 73 /), respectively, 
along with small amounts (l-6j<) of 1^. The results of the 
irradiation experiments of 12a-h under different conditions 
are summarized in Table II. 1, The structures of the pyrazo- 
1®® 18a~h were arrived at on the basis of analytical results, 
spectral data and comparison with authentic samples prepared 
through standard procedures. 

To ascertain whether the transformations of 12a-h to 
the corresponding pyrazoles occur through true photoreac tions 
or not, blank runs were carried out, in each case. Thus , the 
stirring of benzene and methanol solutions of 12a-h , for 
periods ranging from 5-15 h, around 30 ®C, in the dark under 
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Table II. 1 Results of the Irradiation of (E)“l-(2-Arylidene- 
l-phenylhydrazinyl ) -1 ,2-dibenzoyle thylenes ( 12a'-h ) 


subs trate 

s olvent 

irradiati on 
time, h 

Product 

distribution, '/* 

18a-h 

li 

unchanged 12a-h 

12a 

benzene 

2 

78 

6 

5 


methanol 

2 

63 

5 

28 

12b 

benzene 

4 

82 

4 

- 


methanol 

4 

66 

4 

19 

12c 

benzene 

5 

75 

6 

3 


me thanol 

5 

68 

6 

15 

12d 

benzene 

2 

43 

3 

22 


methanol 

2 

47 

4 

26 

12e 

benzene 

2 

81 

1 

5 


methanol 

2 

73 

1 

20 

12 f 

benzene 

2 

83 

6 

- 


methanol 

2 

77 

6 

10 

m 

benzene 

12 

46 

6 

31 


methanol 

12 

47 

6 

32 

I2h 

benzene 

2 

81 

3 

6 


methanol 

2 

73 

3 

11 
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nitrogen atmosphere and workup in the usual manner resulted 
in the recovery of unchanged 12a-h in nearly quantitative 
yields, in each case. Also, in a representative run, a 
benzene solution of 12a was refluxed ( --SO °C) for 5 h. 

Workup in the usual manner gave a nearly quantitative yield 
of the unchanged 12a . However, neat heating of 12a, c in 
sealed tubes at approximately 10 above their respective 
melting points gave the corresponding pyrazoles 18a, c in 
high yields (82-83/<), along with small amounts (5><), of 19 , 
in each case. 

30 

II. 3. 3 Laser Flash Photolysis Studies . In order to 

gain information regarding the spin multiplicities of the 
photoreactive states and the involvement of zwitterionic 
intermediates such as 13a-h , in the phototransformations of 
12a~h . these substrates have been subjected to laser flash 
photolysis studies. 

Each of the dibenzoylalkene derivatives 12a-‘h is chara- 
cterised by a moderately strong absorption band system at 
320-420 nm ( X = 370-383 nm, = (3o4-4.5) x 10^ M“^cm“^ 

luoX U4oX 

in benzene). Compared with 12a-f ,h , . 12g has its absorption 

maximum considerably red shifted (\ ' = 404 nm, 

■ max 

, , , q ' 

= 4.2 x 10 M cm in benzene). As a matter of fact, 

max 

both electron-donating (e.g., OCH^ and N(CH2)2 and electron- 
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withdrawing (eogo, CN and CX) 2 CH 2 ) groups at the p-position 
of the 2-arylidene moiety cause red shifts in suggest- 

ing non-negligible electronic interaction between the enehydra- 
zine and dibenzoylalkene chromophores , On going from benzene 
to methanol, the absorption maxima move slightly to longer 
wavelengths (shifts, 1-10 nm) . Because of the strong ground 
state absorptions at 337.1 and 355 nm, it was feasible to 
carry out flash photolysis experiments on dilute solutions 
(typically 0.1 mW) using direct laser excitation at these 
wavelengths. Also, from the onsets of lowes t-energy absorp- 
tion band systems, the lowest singlet energies. Eg were esti- 
mated to be at 70 kcal mol ^ or lower. Since the singlet- 

31 

triplet energy separations of typical it-n* transitions are 
at least 25 kcal mol the lowest triplet energies of 12a-h 
can be reasonably located at 50 kcal mol ^ or lower. This 
consideration is important in the selection of an appropriate 
triplet sensitizer for sensitization experiments. 

The major change upon laser flash photolysis (337.1 or 
355 nm) of 12a-g in benzene or methanol was the bleaching of 
ground state absorption at 320—450 nm. This is illustrated 
in Figure II.l, with 12a as the substrate. Beyond and below 
the spectral region of ground state depletion, small positive 
absorbance changes due to products v^re observed. The moni- 
toring of the photoproduct absorptions at the longest time 



ABSORBANCE CHANGE 



WAVELENGTH, NM 

Figure II. 1 Absorption spectral changes following 
355 nm laser excitation of 12a in (A) benzene and 
(B) methanol. Insets: kinetic traces for transient 
decay in (a) benzene and (b) methanol at the 
wavelengths indicated. 
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scale (about 150 p-s) showed very little (<^15^) or no decay* 
The presence of oxygen (about 2 nM) in the solutions did not 
affect the yields or decay kinetics of the photoproducts. 
Also, attempts to quench them by di -tert ~butvl nitroxide 
(DTBN) and ferrocene were unsuccessful (k < 10 M s'). 

q 

Based on this, the observed transient absorbances cannot be 
partially or totally due to the triplets of the dibenzoylal- 
kene derivatives 123-9* 


Employing benzophenone triplet formation (in benzene) 
for actinometry, the lower limits of photochemical yields 

1 *1 Ttl 

($p^ ) were estimated from the bleaching of the ground 

state absorptions. In these experiments, the end-of-pulse 

T 

absorbance change AAgp due to benzophenone triplet at 
532 nm was compared with the negative absorbance changes 

e 

AAr. at 378 nm resulting from photochemical loss of the sub- 
b 

strates under 337.1 nm or 355 nm laser excitation. The 
selection of 378 nm as the wavelength for monitoring ground 
state depletion was dictated by the availability of an 
appropriate interference filter (Oriel 5366) with the trans- 
mittance centred at this wavelength. The solutions were 
optically matched (absorbance, 0.1 in 2 mm cell) at the 

1 m 

laser wavelength. <fp^ was calculated using the equation 

■ T ,, S 

liffi . /^BP \ ^ 

*PC “ *T ^ -7-T-) 


A A 


BP 


(II ol) 
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T 

where e^p is the extinction coefficient of benzophenone 

O oo 

triplet (7o6 X 10 M cm at 532 nm in benzene), is 

C 

its quantum yield (taken to be unity) and is the sub- 

strate ground state extinction coefficient at 378 nm® Since 
the extinction coefficients of the photoproducts are not 
necessarily negligible, the quantum yields obtained from 
equation II <.1 represent the lower limits. The data concern- 
ing photoproduct absorption maxima and quantum yields are 
compiled in Table II .2. The wavelength maxima in Table 11,2 
correspond to difference absorption spectra and do not 
necessarily represent the true maxima of the photoproducts. 

In order to shed light on the triplets of the dibenzoy- 

lalkenes 12a-h , laser flash photolysis and pulse radiolysis 

experiments were carried out with camphorquinone (CQ, 

= 52 kcal mol”^) biphenyl (E^ = 66 kcal mol~^),^^ and 

—1 34 

l-methylnapthalene (MN, = 60 kcal mol ) as triplet 
sensitizers. Substrates 12a, c ,d were used as acceptors. 

CQ was directly excited at the laser wavelength (485 nm) and 
its triplet (^CQ*) was monitored from the transient absorption 
at long wavelength (700 nm) , At the laser excitation wave- 
length (485 nm) , the ground state absorptions were negligible 
at the concentrations used (0.5-2.0 mWl). Figure 11,2 shows 
representative transient absorption spectra and kinetic 
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Table II o2 Wavelength Maxima of Absorption Spectral Changes 
and Lower Limits of Photochemical Yields in the 
Course of 337cl urn Laser Flash Photolysis of 
(E)-l-(2~Arylidene~l -phenyl hydrazinyl)~l ,2-di- 
benzoylethylenes ( 12a-g ) 


subs trate 

. diff 

- lim 

PC 


benzene 

methanol 

benzene 

methanol 

L2a 

415 

425 

0.07 

0.1 

L2b 

410 

430 

0.07 

0.09 

L2c 

425 

440 

0.09 

0.08 

L2d 

415 

420 

0.05 

0.07 

,2e 

41& 

420 

0.08 

0.06 

■2f 

420 

420 

0.06 

0.08 

■M 

460 

500 

0.04 

0.01 
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traces obtained with 12c as acceptor. Concomitant with the 

3 

decay of CQ* at 700 nm, the formation of long-lived photo- 

product(s) was observed at 410-500 nm. From the dependence 

of the pseudo-first-order rate constant for CQ* decay on 

substrate concentration, the bimolecular rate constants for 

3 

the quenching of CC?*' by 12 a « 12c and 12d were estimated at 
/ \ 9 —1 —1 

(2-3) X 10 M s in benzene. In comparison, the observa- 
tion = 485 nm) of N-me thylthioacridone triplet 

A. 

(^max “ nm)*^ in benzene solution saturated with 12a , 

12c or 12d showed that the thioketone triplet decay was 

affected very little by these substrates < 5 x 10 M s ). 

Since the triplet energy of N-me thylthioacridone is located 

-1 37 

at 42.9 kcal mol , it is concluded that the of the 
dibenzoylalkenes under examination are bracketted by 43 and 
52 kcal mol*"^ (the latter being of Cq) . 

3 

In the triplet sensitization experiment using CQ*, at 
all substrate concentrations (up to 4 nM) , the kinetics of 
the growth of photoproduct absorptions at 410-500 nm matched 

3 

very well with those of CQ* decay at 700 nm. Even at the 
highest substrate concentration, no relative lag was noticed 
in the growth of photoproducts. This strongly suggests that 
the triplets of 12a , 12c and 12d are too short lived 
( T< 50 ns) to make their intermediacy recognized in the 
formation kinetics of photoproducts. 

Ji.i. ' ' 
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0 . 0 : 



WAVELENGTH , NM 

Figure II. 2 Absorption changes (A) 0.05 ps and 
(B) 12 ps following 485 nm laser excitation of about 
0.02 M CQ in the presence of 0.5 mM 12c in benzene. 
Insets: kinetic traces for transient decay at the 
wavelengths indicated. 
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The decay of photoproducts (410-500 nm ) , formed under 

485 nm laser excitation of CQ in benzene solution, saturated 

with 12a , 12c or 12d , occured very slowly over microseconds 

(■^ 1/2 > 100 p.s). The decay kinetics were complex. On a 

relatively short time scale (about 10 ps) , in some cases, a 

weak first-order component ( t = 4-8 ps) was noticeable at 

460-480 nmo This component was slightly oxygen sensitive as 

shown by experiments in air-saturated solutions 

(k p. <5x10 M s ). Unfortunately, the weak character 
4»'^2 

of the short-lived transient absorption did not permit any 
reliable quenching studies to be carried out. 

Triplet sensitization studies were also carried out 

using, as donors, biphenyl and MN triplets generated by 

32 38 

pulse radiolysis * in benzene. In a typical experiment, 
a benzene solution of biphenyl (0.05-0.10 M) and a substrate 
(about 1 mM) was subjected to irradiation by an electron 
pulse (for about 5 ns). Biphenyl, being at a much higher 
concentration than the substrate, first accepts energy from 
the pulse-radiolytic , short-lived solvent triplet 
(T^ = 3.4 ns); the resultant long-lived biphenyl triplet 
(t ^ > 20 ps) then transfers energy to the substrate and 
triplet-mediated photoproducts from the latter are observed. 
The transient spectra, shown for 12a and 12c in Figure II. 3, 



RELATIVE ABSORBANCE CHANGE 



WAVELENGTH , NM 

Figure II. 3 Absorption changes at 5 ps following pulse 
radiolysis of 0.05 M biphenyl in the presence of (a) 

0.5 mM 12a and (B) 0.6 inM 12c in benzene. 
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and the decay kinetics of the photoproducts were found to 
be very similar to those observed under laser flash photo- 
lysis (direct excitation as well as CQ* sensitization, 
vide supra ) o The absorption due to biphenyl triplet at 
350-400 nm was not accessible in these experiments because 
of its strong spectral overlap with the ground state absorp- 
tions of the substrates. However, the fact that biphenyl 
triplet was quenched by the substrates could be inferred 

3 

from the observation that pulse-radiolytic MN*, monitored 
at 425 nm was efficiently quenched by them at the same con- 
centrations, though MN has a lower (60 kcal mol”^) than 

biphenyl (Ej = 66 kcal mol ^), It was necessary to perform 

3 3 

sensitization experiments using and MN* because we 

3 

were apprehensive that CQ* might be quenched by the sub- 
strates, at least in part, by electron transfer mechanism 
with the latter acting as electron-rich donors. 

It was important to see if stable products, with 
absorption spectra red shifted relative to those of the 
reactants, were formed under photoexcitation. We carried 
out steady-state photolysis (366 nm) of 12a in benzene and 
methanol (both deaerated and air saturated) and noted the 
resultant absoiption spectral changes » As shown in Figure II .4, 
while there was photochemical loss of absorbance in the region 
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of ground state absorption of 12a . additional absorption 
indeed developed at 410-480 nra. Oxygen (about 2 mM) was 
not found to have any effect on photoreaction yields « In 
benzene, in the absence of oxygen, the spectrum of photolyzed 
solution remained unchanged over prolonged periods (observed 
over 2-4 days). However, in air-saturated benzene solution, 
the red-shifted absorption due to photoproducts was slowly 
lost (over days), while the absorption in the region of the 
ground state spectrum (320-420 nm) was partially regained. 

In methanol, deaerated or air saturated, the ground state 
absorption was slowly regained at the expense of photoinduced 
red-shifted absorption. All these results suggest that a 
•stable* product is photogenerated from 12a , contributes to 
absorptions at long wavelengths (420-480 nm) and slowly 
reverts to the reactant in a protic solvent or in the presence 
of oxygen. Steady-state spectral changes similar to those 
under direct excitation were also noted under 485 nra irradia- 
tion of Cq in the presence of 2.0 mM 12a in benzene. 

The most probable species responsible for the red- 
shifted absorption resulting from steady-state photolysis is 
either the zwitterion or the Z-isomer 1 ^ (Scheme II. 3). 

It is highly unlikely that a syn-anti hydrazone isomerization 
would cause a large red-shift in the absorption spectrum of 
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Figure II.4 Absorption spectral changes as a result of 
steady-state irradiation of 12a in benzene (A-C) and 
methanol (A’-C*). A and A* i before irradiation; B and 
B* , after 40 min. and 70 min. irradiation respectively; 
C, photolyzed solution (air saturated) after 48 h; 

C* photolysed solution (degassed) af ter 72 h. 
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the cis -dibenzoylalkene chromophore. The pyrazoline 14 
and the pyrazole are easily ruled out on the basis that 
their absorption spectra are blue-shifted relative to the 
parent substrates 1^, This is actually observed for the 
isolated pyrazoles ** 250 nm for IB in methanol) and 

is anticipated for pyrazolines because of the loss of 
interaction between the arylidene and dibenzoylalkene chro- 
mophores. We prefer an assignment in terms of the Z-isomer 
17 rather than the zwitterion because the latter is 

unlikely to be stable (over days) and there is also no 
specific reason for it to revert to the reactants upon 
interaction with oxygen or a protic solvent. However, the 
Z-isomer would slowly isomerize to the more stable E-form 
and this thermal isomerization would be catalysed by charge 
transfer complexation with oxygen or protonation in a pro- 
tic solvent. 

That E-Z isomerization about the alkene bond occurs 
in the course of the photolysis was conclusively established 
by a NMR analysis of the photolysate from 12a in benzene- 

d, (X. = 366 nm) . Between photolysis and NMR measurement 

and during the transfer of the photolysates to the NMR 
sample tubes, exposure of the solution to oxygen was care- 
fully avoided. It was found that, at the expense of the 
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vinylic proton peak at 5 6.20 in the starting E-isomer, 
a new peak developed at a slightly downfield region at 
6 6,36 after photolysis (Figure II. 5). The latter is 
assigned to the vinylic proton in the Z-isomer The 

relative vinyl proton chemical shifts in E and Z isomers 
of enamine maleates/f umarates formed from the reaction 

39 

of secondary amines with dimethyl ace tylenedic arboxylate 
are well documented in the literature. 

We interpret the absorption spectral change seen upon 
direct laser excitation, as well as, under triplet sensiti- 
zation in terms of at least two photoproducts with closely 
overlapping spectra at 410-480 nm. One is a long lived 
transient with its lifetime in the microsecond to milli- 
second domain. In view of the predominant photoreaction 
established by preparative photochemistry and product analy- 
sis, this species appears to be the zwitterion jL3. The 
other photoproduct is permanent and is most probably the 
Z-isomer 17, as indicated by the NMR spectral changes 
during steady-state photolysis. The triplets of 12a-h are 
very short lived (less than 50 ns), but this is not surpri- 
sing in the light of possible intramolecular charge transfer, 
twisting about the alkene double bond and photocyclization 
pathway. Our results show that the triplets are photo- 
reactive. However, since they are short lived and elusive, 
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their -intermediacy under the conditions of direct excita- 
tion could not be definitively established. 

II <>3.4 Discussion . The photochemical transformation 

of the dibenzoylalkenes 12a-h to the pyrazoles 18a-h can be 

explained in terms of path ’a' shown in Scheme II.S. It is 

assumed that the initial step in the reaction involves a 

photochemical elec trocyclic , conrotatory ring closure of the 

six-electron system present in 12a-h to give the zwitterionic 

intermediates 13a-h . Subsequent hydrogen migration through 

either a [l»4] or two [l,2] shifts will lead to the pyrazol- 

ines 14a-h . which, on air-oxidation under the conditions of 

workup will give rise to the pyrazoles 18a-h , ultimately. 

It may be pointed out here that numerous examples of such 

photocyclizations of six electron systems, as in the cases 

of diarylamines , arylvinylamines , diaryl ethers, aryl vinyl 

ethers, aryl vinyl sulphides and miscellaneous divinyl 

21—25 

systems are reported in literature. On the basis of 

the product yields (Table II .1), both electron-donating and 
electron-withdrawing groups on 2— arylidene moiety appear 
compatible with such photocyclizations « However, the 
electron-donating groups in 12b (CH^) , 12c (OCH^) » and 12g 
(N(CH 3 ) 2 ) tend to slow down the eyclization reaction to 
some extent, whereas the effect of electron-withdrawing 
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groups in 12 e (OCOCH^) » 12 f (CX) 2 CH 2 ) and 12h (Cl) is only 
marginal, as revealed by the data presented in Table II»1, 

The near quantitative recovery of 12a-h from the blank 
runs Carried out at 30 as well as of 12a , after prolonged 

refluxing in benzene, as against the facile transformation 
of these substrates to the pyrazoles 18a-h upon irradiation, 
confirms our assumption that the cyclization reaction is 
truly photochemical in nature. However, the fprmation of 
the pyrazoles 18a, c in the high-temperature thermolysis of 
12a. c indicate, that such cyclizations are feasible under 
thermal conditions as wello The initial step under these 
conditions may be a disrotatory cyclization of the six- 
electron system in 12 . 

A minor pathway followed by 12a~-h , under photochemical 
as well as thermal conditions, lead to 1-anilino-l ,2-di- 
ben zoylethylene (19). The formation of 1^ from 12a-h may be 
explained in terms of path ’ b’ shown in Scheme 11,3, invol- 
ving fragmentation across nitrogen-nitrogen bond to give the 
radicals 15a-h and 1^. Further reaction of involving 

hydrogen atom abstraction from either or from the medium 
will lead to it may be pointed out that similar photo- 

fragmentation reactions involving carbon-nitrogen bond clea- 
vage have been observed in the case of several arylvinyla- 

, 40 

mines. 
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It is interesting to note that none of the dibenzoylal- 

kene derivatives 12a--h underwent the dibenzoylalkene rearran- 
1-5 

gement. Thus, it can be concluded that the six-electron 

cyclization reaction leading to the pyrazoles 18a~h is the 
preferred reaction pathway for 12a-h , under the present 
reaction conditions. However, that E-Z isomerization (path 
'c*. Scheme II«3) across the ethylenic double bond is a 
major photochemical reaction pathway for 12a-h was indicated 
by time-resolved studies. Our attempts to isolate the Z- 
isomers 17a-h from the photolysates of 12a~h were unsuccess- 
ful, presumably due to the isomerization of the Z-isomers 
17a-h back to the E-isomers 12a-h , under the conditions of 
workup. We have established that such isomerizations are 
accelerated by oxygen and protic solvents. This, in turn, 
partially accounts for the slower transformation of 12a-h 
■to 18a-h in methanol than in benzene (Table II.l)o 

II. 4 EXPERIMENTAL SECTION 

All melting points are uncorrected and were determined 
on a Mel-Temp apparatus. The IR spectra were recorded on a 
Perkin-Elmer Model 377 infrared spectrometer. The electron: 
spectra were recorded on Cary 17D or Cary 219 spectrometers 
The NMR spectra were recorded on Bruker WH-90, Varian 
EM-390 or NicoletNB-300 spectrometers . The mass spectra 
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were recorded on a Hitachi RMU-6E single-focussing mass 
spectrometer at 70 eV. Unless otherwise mentioned, all 
steady-state irradiations were carried out at 20-25 °C, 
employing a Hanovia 450 W medium pressure mercury lamp in a 
quartz jacketed immersion well with a pyrex filter. 

II»4<,1 Starting Materials . Dibenzoylace tylene (DBA, 
^41,42 110-111 °C, benzaldehyde phenylhydrazone (9a) 

mp 158 °C, p-tolualdehyde phenylhydrazone (9b) mp 112 °C, 
£-anisaldehyd6 phenylhydrazone (9c) mp 121 °C, p-cyanoben- 
zaldehyde phenylhydrazone (9d) mp 144 ®C, £-ace toxybenzal- 
dehyde phenylhydrazone (96),"^^ mp 121 °C, £-carbomethoxyben- 
zaldehyde phenylhydrazone (9f),^ mp 115 °C, £-dime thylamino- 
benzaldehyde phenylhydrazone (92),'^^ mp 148 ^C, and £-chloro- 
benzaldehyde phenylhydrazone (9h) mp 127 were prepared 
by reported procedures. Solvents for steady-state photolysis 
were purified and distilled before use, whereas Aldrich Gold- 
Label solvents were used for laser studies. Petroleum ether 
used was the fraction with bp 60-80 °C. 

II. 4. 2 Preparation of (E)-l-(2-Arvlidene-l-phenvl- 
hydrazinyl) -1 ,2-dibenzovlethylenes 12a-h . A general proce- 
dure for the preparation of 12a-h was to reflux an equimolar 
mixture of the phenylhydrazones 9a-h , DBA (1^) and anhydrous 
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potassium carbonate (10 mmol each) in acetonitrile (30 mL) 
for about 3 h. Removal of the solvent under reduced pressure 
gave a residual solid, which was treated with methanol and 
kept overnight at room temperature. The (E)-l-(2-arylidene- 
l-phenylhydrazinyl)-l,2--dibenzoylethylenes that separated out 
were purified by recrystallization from a mixture (1:2) of 
chloroform and methanol. 

( E) -l-( 2-Benzylidene--l~phenylhvdrazinvl )-l ,2'>-diben20V-- 
le thylene ( 12a ) . 12a was obtained in a 63-/ yield, mp 206- 

207 °C (mixture melting point). 

( E ) -l-( 2 -p- Methvlben 2 vlidene-l-phenvlhydrazinvl)-l ,2-di- 
benzoyle thylene ( 12b ) . 12b was obtained in a 66>< yield, 

mp 185-186 °C. 

IR spectrum (KBr): 3050, 2910 (CH), 1680 (C=0), 

1625, 1590 and 1520 (C=N and C=C) cm~^<, 

UV spectrum X ^ (CH^OH): 254 nm (e , 25,200) and 378 
(41,000). 

NMR spectrum (CDCl^): 6 2.27 (3 H, s, methyl), 5.96 
(1 H, s, vinylic), and 7.51 (20 H, m, aromatic and benzyli- 
denic) . 

Mass spectrum m/e (relative intensity): 444 (M"^, 26), 
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442 (m"^ - 2 H, 37), 365 (M^ - 2 H, ~ 0^%, 15), 339 (M^ 

-• C^H^CXi, 65), 105 (C^H^CO"^, 100), and other peaks » 

Anal . Calcd for C3QH24N2O2: C, 8I0O8; H, 5.41; N, 6.31. 
Found: C, 81.32; H, 5.40; N, 6.25. 

( E ) ■~1~( 2 -£'- ‘Me thox yben zylidene-l-phen ylhydrazinyl) -1 ,2-di-- 

20 

benzoylethylene ( 12c ) . 12c was obtained in a 63>i yield, 

mp 209 (mixture melting point). 

( Ji ) -!•-( 2 -p -Cyanobenzylidene-l--phenylhydrazinyl)--l ,2~di-- 
benzoyle thylene ( 12d ) . 12d was obtained in a 70*/ yield, 

mp 231-232 °C. 

IR spectrum v ^ (KBr): 3060 (CH) , 2215 (C^), 1685 (C=0), 

iilcl ^ 

1620, 1590 and 1520 (C=N) and (C=C) cm”^. 

UV spectrum (CH^OH): 259 nm (e , 26,700) and 384 

u* oi X' ■vl) 

(49,000) . 

NMR spectrum (CDCl2)i 6 6.00 (1 H, s, vinylic) and 
7.61 (20 H, m, aromatic and benzylidenic ) . 

Anal . Calcd for C3 qH 23_N302: C, 79.12; H, 4.62; N, 9.23. 
Found: C, 78.73; H, 4.60; N, 9.51. 

( E) -l-(2 -p -Acetoxvbenzvlidene-l-phenvlhvdrazinvl) -1.2~di- 
benzoyle thylene ( 12e ) . 12e was isolated in a 61/ yield, 

mp 201-202 °C. 
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IR spectrum (KBr): 3060, 3010 (CH), 1760, 1685 

(C=0), 1620, 1590, 1565 and 1520 (C=N and C=C) cm"^. 

UV spectrum X (CH^OH): 252 nm (e , 42,400), 374 

ulolX O 

(42.000) . 

NMR spectrum (CDCl^): 6 2.22 (3 H, s, acetoxy) , 

6.00 (1 H, s, vinylic), and 7.49 (20 H, m, aromatic and 
benzylidenic) . 

Anal . Calcd for C, 76.03; H, 4.92; N, 

5.74. Found: C, 76.41; H, 5.05; N, 5.70. 

( E ) ~l-( 2 -p -Carbome thoxvbenzvlidene-l-phenylhydrazinyl) -- 
1,2-dibenzoyle thylene ( I2f ) . 12f was obtained in a 61;^ yield, 

mp 180-181 °C. 

IR spectrum v (KBr) : 3060, 2950 (CH) , 1725, 1685 
max 

(C=0), 1630, 1595 and 1550 (C=N and C=C) cm“^. 

UV spectrum X (CHoOH): 246 nm (e , 30,100) and 384 
max o 

(45.000) . 

NMR spectrum (CDCl^): 6 3.84 (3 H, s, carbomethoxy) , 
5.96 (1 H, s, vinylic), and 7.67 (20 H, m, aromatic and benzy- 
lidenic) . 

Anal . Calcd for C3j,H24N204: C, 76.03; H, 4.92; N, 5.74. 
Found: C, 76.25; H,4o98; N, 5.78. 

■I- " 
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( E ) -l-( 2 ‘-p- -Dime thylaminobenzvlidene-l-phenvlhydrazinvl)- 
1,2-dibenzoyle thylene ( 12g ) . 12g was isolated in a 68^ yield, 

mp 233-234 °C. 

IR spectrum (KBr) : 3050, 2980 (CH), 1680 (C=0), 

1610, 1590 and 1560 (C=N and C=C) 

UV spectrum ^ (CH„0H): 253 nm (e , 27,400) and 414 

luoX sj 

(43,000). 

NMR spectrum (CDCI3): 6 2.89 (6 H, s, N(CH3)2) » 6.00 
(1 H, s, vinylic), and 7.37 (20 H, m, aromatic and benzyli- 
denic) . 

Mass spectrum, m/e (relative intensity): 473 (M"*", 20), 
471 (M*^ - 2 H, 100), 368 (M'^ - C^H^CO, 15), 366 (M'*' - 2 H, 

- C^H^CX), 15), and other peaks. 

Anal . Calcd for ^3 iH 2 yN 302S C, 78.65; H, 5.71; N, 8.88. 
Found: C, 79.05; H, 5.70; N, 8.82. 

( E ) -l-( 2 -£ -Chlorobenzvlidene-l-p henylhydrazinyl) -1.2-di- 
ben zoylethylene ( 12h ) . 12h was obtained in a 63yi yield, 

mp 211-212 °C. 

IR spectrum (KBr): 3060, 3030 (CH) , 1680 (G=0) , 

1620 and 1590 (C=H and C=C) cm"^. 

UV spectrum ^ (^, 23,700) and 375 


(42,500) 
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NMR spectrum (CDCl^): 6 6.05 ( 1 H, s, vinylic) and 
7o65 (20 H, m, aromatic and benzylidenic) o 

Anal . Calcd for C29H2j^N202Cl s C, 75.00; H, 4.53; N, 

6.03. Found: C, 75.12; H, 4.42; N» 6.11. 

Irradiation of (E) ~l--(2-Benzvlidene~l~phenyl~ 

20 

hydrazinyl) -1 ,2-dibenzovle thylene ( 12a ) o A solution of 
12a (430 mg, 1 mmol) in benzene (175 ml) was irradiated for 
2 h. The photolysate, after removal of the solvent under 
reduced pressure, was chromatographed over silica gel. Elu- 
tion with a mixture (1:4) of benzene and petroleum gave 
20 mg (6><) of mp 130 °C (mixture melting point), after 

recrystallization from methanol. Subsequent elution with a 
mixture (3:2) of benzene and petroleum ether gave 350 mg 
{IQ-/.) of 4,5-dibenzoyl-l, 3-diphenylpyrazole (18a), mp 136 °C 
(mixture melting point) after recrystallization from a mix- 
ture (1:1) of benzene and petroleum ether. Further elution 
with benzene yielded 22 mg {^-/.) of the unchanged 12a , mp 206- 

207 °C (mixture melting point). 

♦ 

In a repeat run, irradiation and workup of a methanol 
solution of 12a (430 mg, 1 mmol in 175 mL) under identical 
conditions gave 15 mg (5-^) of 1^, mp 130 °C (mixture melting 
point), 270 mg (63^) of 18a , mp 136 °C (mixture melting point) 
and the unchanged 12a , mp 206-207 °C (mixture melting point). 
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II. 4. 4 Irradiation of (£) -!-•( 2 -“j3-- Methvlbenzvlidene~ 
l-phenylhvdrazinyl) -1 , 2'--dibenzovle thylene ( 12b ) o A benzene 
solution of 12b (890 mg, 2 mmol in 175 mL) was irradiated 
for 4 ho Solvent was removed under reduced pressure and the 
residue was chromatographed over silica gel. Elution with a 
mixture (1:4) of benzene and petroleum ether gave 30 mg (4>i) 
of 1^, mp 130 °C (mixture melting point). Further elution 
with a mixture (3:2) of benzene and petroleum ether gave 

735 mg (82><) of 18b . mp 130-131 *^0, after recrystallization 

from a mixture (1:1) of benzene and petroleum ether© 

IR spectrum (KBr): 3060, 3000, 29^0 (CH) , 1660, 

1640 (C=0), 1590 and 1580 (C=N and C=C) cm“^o 

UV spectrumX^^^ (CH3OH): 253 nm (e, 53,300). 

nm spectrum (CDCI3) : 5 2.27 (3 H, s, methyl) and 
7.31 (19 H, m, aromatic). 

Anal . Calcd for *^3o^2^2^2* 81.45; H, 4.98; N, 6o33. 

Found: C, 81.80; H, 4.53; N, 6.35. 

In a repeat run, a solution of 12b (445 mg, 1 mmol) in 
methanol (175 mL) was irradiated and worked up under analo- 
gous conditions to give 13 mg (4^) of 19 , mp 130 C (mixture 
melting point) , 290 mg (66-/) of ISb, mp 130-131 °C (mixture 
melting point) and 85 mg (19><) of the unchanged 12b, mp 185- 
186 °C (mixture melting point). 
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II.4o5 Irradiation of (E) ~l~( 2 -“P- Methoxvbenzvlidene~ 
l-phenylhydrazinYl)-1.2~diben20Ylethvlene ( 3^) A solu- 
tion of 12c (920 mg, 2 mmol) in benzene (175 mL) was irradia- 
ted for 5 h. Solvent was removed under reduced pressure and 
the residue was chromatographed over silica gel. Elution 
with a mixture (1:4) of benzene and petroleum ether gave 
40 mg (6;^) of mp 130 °C (mixture melting point). Subse- 
quent elution with a mixture (3:2) of benzene and petroleum 
ether gave 675 mg (75;>i) of 18c , mp 133 (mixture melting 
point), after recrystallization from a mixture (1:1) of ben- 
zene and petroleum ether. Elution was continued with benzene 
to separate 28 mg {3/.) of the unchanged 12c , mp 209 °C (mix- 
ture melting point) . 

In a repeat run, a methanol solution of 12c (460 mg, 

1 mmol in 175 mL) was irradiated for 5 h and worked up as in 
the earlier case to give 20 mg (6'/.) of mp 130 (mixture 
melting point), 315 mg (68;^) of 18c , mp 133 °C (mixture 
melting point) and 70 mg (15^) of the unchanged 12c . mp 209 
(mixture melting point), 

II. 4. 6 Irradiation of (£) -!-( 2 -p -Cvanobenzylidene- 
1-p hen ylhydr azinvl) -1 . 2-dibenzovle thylene ( 12d ) . A solution 
of 12d (910 mg, 2 mmol) in benzene (175 mL) was irradiated 
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for 2 h. The photolysate, after removal of the solvent 
under reduced pressure, was chromatographed over silica gel. 
Elution with a mixture (1:4) of benzene and petroleum ether 
gave 20 mg (3^) of JW, mp 130 '^C (mixture melting point). 
Further elution with a mixture (4:1) of benzene and petro- 
leum ether yielded 380 mg (43*4) of 1^, mp 145-146 °C, after 
recrystallization from a mixture (1:1) of benzene and petro- 
leum ether. 

IR spectrum (KBr): 3060, 3030 (CH), 2230 (C=N) , 

1660, 1650 (C=0), 1610, 1590 and 1580 (C=N and C=C) cm"^o 

UV spectrum (CHoOH): 251 nm (e , 45,000). 

ni3x nj 

NMR spectrum (CDCl^): 6 7.48 (m, aromatic). 

Anal . Calcd for C^QH^gN^O^: C, 79.47; H, 4.19; N, 9.27. 
Found: C, 79.12; H, 4.55; N, 9.41. 

Subsequent elution with benzene gave 200 mg (22^) of the 
unchanged 12d , mp 231-232 °C (mixture melting point). 

In a repeat run, irradiation of a methanol solution of 
12d (455 mg, 1 mmol in 175 mL) , followed by workup as in the 
earlier case, gave a mixture consisting of 13 mg {Ay.) of 19 , 
mp 130 ‘^C (mixture melting point), 210 mg (47^) of 18d . 
mp 145-146 °C (mixture melting point) and 118 mg (26*/) of the 
unchanged 12d . mp 231-232 °C (mixture melting point). 
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II. 4. 7 Irradiation of (£) -!-( 2 -p- -Acetoxyben2ylidene~ 

1-p henylhydrazinyl)-! ,2-diben2oylethylene ( 12e ) . A solution 
(980 mg, 2 mmol) in benzene (175 mL) was irradiated 
for 2 ho Solvent was removed under reduced pressure and the 
residue was chromatographed over silica gel. Elution with a 
mixture (1:4) of benzene and petroleum ether gave 5 mg {.!'/>) 
of !£» >^9 ^30 °C (mixture melting point). Further elution 
with a mixture (3:2) of benzene and petroleum ether gave 

760 mg {Qlyi) of 18e , mp 153-154 °C, after recrystallization 

from a mixture (1:1) of benzene and petroleum ether. 

IR spectrum v (KBr): 3060 (CH) , 1760, 1650 (C=0), 

iIlSX 

1590 and 1575 (C=N and G=C) cm“^. 

UV spectrum (CH^OH): 252 nm (e, 40,100). 

nioA o 

NMR spectrum (CDCl^)! 6 2.30 (3 H, s, acetoxy) and 
7.28 (19 H, m, aromatic). 

Mass spectrum ra/e (relative intensity): 486 (M^, 92), 

443 (M"^ - CH3 CO, 100), 333 (m'^ - CH 3CO, - C^H^CO, 10) and 
other peaks. 

Anal . Calcd for f'3x%2^2^4* 76.54; H, 4.53; N, 5.76. 

Found: C, 76.50; H, 4.53; N, 5.73. 

Subsequent elution with benzene gave 50 mg (5-/) of the 
unchanged 1^, mp 201-202 (mixture melting point). 
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In a repeat run, the irradiation of (490 mg, 

1 mmol) in methanol (175 mL) was carried out for 2 h, 
followed by workup under analogous conditions, to give 5 mg 
{1'A) of 1^, mp 130 °C (mixture melting point), 370 mg (73;4) 
of Me, mp 153-154 °C (mixture melting point) and 98 mg 
(20;^) of the unchanged 12e « mp 201—202 (mixture melting 
point) . 

II. 4. 8 Irradiation of (E) -l-( 2 -£ -Car borne thoxybenzylidene- 
l-phenylhvdrazinyl)-l ,2-diben20Ylethvlene ( 12f ) . A benzene 
solution of 12f (490 mg, 1 mmol in 175 mL) was irradiated for 

2 h and the photolysate, after removal of the solvent under 
reduced pressure, was chromatographed over silica gel. Elu- 
tion with a mixture (1:4) of benzene and petroleum ether 
gave 20 mg (6;4) of 1^, mp 130 (mixture melting point). 
Further elution with a mixture (3:2) of benzene and petroleum 
ether gave 410 mg i83yi) of 18f , mp 200-201 °C, after recry- 
stallization from a mixture (1:1) of benzene and petroleum 
ether. 

IR spectrum v (KBr): 3050, 3000, 2930 (CH) , 1715, 

1650 (C=0), 1610, 1590 and 1580 (C=N and C=C) cra“^o 

UV spGC’ti'Uin X ( t: 254 nin ( Cf 30 > 800 ) * 

NMR spectrum (CDCl^): 6 3.90 (3 H, s, carbomethoxy) 
and 7.50 (19 H, m, aromatic). 
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An^o Calcd for C 3 iH 22 N 2 ° 4 : C, 76.54; H, 4.53; N, 5o76. 
Found: C, 76.55; H, 4.68; N, 5.81. 

In a repeat experiment, irradiation and workup of a 
methanol solution of (490 mg, 1 mmol in 175 mL) under 

analogous conditions, gave a mixture of 1^ (20 mg, 6^), 
mp 130 °C (mixture melting point), 18f (370 mg, 77-/), 
mp 200—201 C (mixture melting point) and the unchanged 12f 
(50 mg, lOyit elution with benzene), mp 180-181 °C (mixture 
melting point). 

11.4,9 Irradiation of (E) -l-(2 -p- Dime thylaminobenzy- 
lidene-l-phenylhydrazinyl)-! ,2-dibenzoylethylene ( 12g ) . A 
solution of 12g (475 mg, 1 mmol) in benzene (175 mL) was 
irradiated for 12 h. Solvent was removed under reduced 
pressure and the residue was chromatographed over silica 
gel. Elution with a mixture (1:4) of benzene and petroleum 
ether gave 20 mg (6/.) of J^, mp 130 °C (mixture melting 
point). Further elution with a mixture (4:1) of benzene and 
petroleum ether gave 215 mg {46-/,) of 18g , mp 155-156 °C, 
after recrystallization from a mixture (1:1) of benzene and 
petroleum ether. 

IR spectrum V „ (KBr): 3060, 2900 (CH), 1660, 1640 
(0=0), 1610, 1590 and 1575 (C=N and C=C) cm"^. 
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UV spectrum (CH^OH): 258 nm (e , 33,700). 

NMR spectrum (CDCI3): 62.95 (6 H, s,.N(CH 3)2) and 
7.15 (19 H, m, aromatic). 

Anal . Calcd for C3^H25N302: C, 78.98; H, 5.31; N, 

8.92. Found: C, 79.10; H, 5.25; N, 9.15. 

Subsequent elution with a mixture (9:1) of benzene and 
ethyl acetate gave 145 mg (31^) of the unchanged 12g , 
mp 233-234 °C (mixture melting point) . 

In a repeat run, irradiation and workup of a methanol 
solution of 12g (475 mg, 1 mmol in 175 mL), under analogous 
conditions , gave a mixture of IJ^ (20 rag, 6 -/,) , mp 130 °C 
(mixture melting point), 18g (220 mg, 47 -/.), mp 155-156 
(mixture melting point) and the unchanged 12g (150 mg, 32>i), 
mp 233-234 °C (mixture melting point) . 

II. 4. 10 Irradiation of (E) —l-(2 -p -Chloroben2ylidene- 
l-phenylhydrazinyl)-! .2-dibenzovlethylene ( 12h ) . A solution 
of 12h (465 rag, 1 mmol) in benzene (175 mL) was irradiated 
for 2 h. Solvent was removed under reduced pressure and the 
product mixture was chromatographed over silica gel. Elu- 
tion with a mixture (1:4) of benzene and petroleum ether 

o 

gave 10 rag { 3 /.) of 1^, mp 130 C (mixture melting point) . 
Further elution with a mixture (3:2) of benzene and petroleum 
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ether gave 375 mg (81/) of 18h, mp 128-129 after recry- 
stallization from a mixture (1:1) of benzene and petroleum 
ether. 

IR spectrum (KBr): 3050 (CH), 1660, 1640 (C=0), 

1590 and 1580 (C=N and C=C) cm“^. 

UV spectrum (CH3OH): 255 nm (e , 45,500). 

H NMR spectrum (CDCI3): 6 7.40 (m, aromatic). 

Calcd for C2gH^gN202Cl : C, 75.32; H, 4.11; N, 

6,06. Found: C, 75,11; H, 4.40; N, 6.21. 

Subsequent elution with benzene gave 28 mg (6-/) of the 
unchanged 12M, mp 211-212 °C (mixture melting point). 

In a repeat run, irradiation and workup of a methanol 
solution of 12h , under analogous condi tions, gave 10 mg (3/) 
of 130 °C (mixture melting point), 340 mg (73/) of 

18h , mp 128-129 °C (mixture melting point) and 50 mg (11/) 
of the unchanged 12h,« mp 211-212 (mixture melting point) , 

II.4.11 Attempted Thermal Transformation of (E)-l- 
( 2-Arvlidene-l-phenylhvdrazinyl) -1 ,2-dibenzovlethvlenes 12a-h 
in Benzene and Methanol (Blank Runs) . Blank runs were carried 
out by stirring solutions of 12a-h in benzene and methanol 
(4 mmolar) around 30 °C in the dark for 5-15 h. Workup in 
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the usual manner gave back unchanged 12a-h . in each case, 
in nearly quantitative amounts. 

11 .4.12 Attempted Thermal Transformation of ( E) -l-( 2-Ben- 
zylidene-l-phenylhydrazinvl ) -1 . 2~dibenzovle thvlene ( 12a ) in 
Refluxing Benzene . A solution of 12^ (430 mg, 1 mmol) in 
benzene (175 mL) was refluxed in the dark for 5 h. The solu- 
tion was cooled and passed through a column of silica gel to 
recover 410 mg (95*/) of the unchanged 1^, mp 206-207 °C (mix- 
ture melting point). 

1 1. 4. 13 Thermal Transformation of (E) -l-(2-Benzvlidene- 
l-phenvlhYdrazinvl)-1.2-dibenzovle thvlene ( 12a )( Neat Heating 
at 215 *^C ) . A Sample of 12a (860 mg, 2 mmol) was heated 
around 215 °C in a sealed tube for 1 h. The product mixture 
was chromatographed over silica gel. Elution with a mixture 
(1:4) of benzene and petroleum ether gave 35 mg (5^) of 19 , 
mp 130 °C (mixture melting point). Further elution with a 
mixture (3:2) of benzene and petroleum ether gave 695 mg 
(82><) of IQaf mp 136 °C (mixture melting point). 

11. 4. 14 Thermal Transformation of ( E) -l-( 2 -p- Me thoxy- 

benzvlidene-l-phenvlhvdrazlnyl)-1.2-dibenzQYlethylene (j^) 

(Neat Heating at 215 °C) . A sample of m (460 mg, 1 mmol) 
was heated around 215 °C in a sealed tube for 1 h. The 
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product mixture was chromatographed over silica gel., Elu- 
tion with a mixture (1:4) of benzene and petroleum ether 
gave 15 mg (5/.) of 19, mp 130 °C (mixture melting point). 
Further elution with a mixture (3:2) of benzene and petroleum 
ether gave 282 mg (83>C) of 18c , mp 133 (mixture melting 
point) . 

11.4.15 Laser Flash Photolysis . For most of the 
laser flash photolysis experiments, use was made of pulse 
excitation at 337.1 nm (2-3 mj, about 8 ns, Molectron UV-400 
nitrogen laser source) in a computer-controlled set-up. Laser 
pulses at 355 nm (10 mJ or less, about 6 ns) and 485 nm 

(4-6 mJ , about 6 ns) obtained from Quanta-Ray DCR-1 Nd-YAG 
and PDL-1 dye laser sources were also used in some of the 
experiments. The system is fully interfaced with an LSI 11 
microprocessor which controls the experiment, average sig- 
nals and processes the data. The storage and further proce- 
ssing of data were performed in a time-shared POP 11/55 system. 
Details of the kinetic spectrophotometer, signal processing 
and experimental procedures are given elsewhere, 

30 

11.4.16 Pulse Radiol vsls . For pulse radiolysis, use 

has been made of a computer-controlled apparatus, which allows 
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determination of transient absorption spectra at various 

times (nanosecond to second) after the electron pulse and 

kinetic measurements of the spectral changes. The pulse 

electron source was the Notre Dame 7 MeV ARCO LP-7 linear 

accelerator. A description of the set-up is available 
49-50 

elsewhere, 

11. 4. 17 Steady-state Irradiation for Absorption 
Spectral Changes. The irradiation was carried out in 

1 cm X 1 cm quartz cells with optically flat surfaces. For 
366 nm excitation, a set-up consisting of a medium pressure 
mercury lamp (Bausch and Lomb SP-200) and a monochromator 
(Bausch and Lomb 33-86-07) was used. The source of 485 nm 
excitation was a xenon lamp (Eimac 450 W) coupled with a 
monochromator (Bausch and Lomb 33-86-07), The absorption 
spectra were recorded on a Cary 219 spectrometer (1 nm 
bandpass ) . 

11. 4. 18 Steady-state Irradiation for NfAR Spectral 

Changes .^ The irradiation was carried out at 366 nm (Bausch 
and Lomb SP-200 mercury lamp coupled with a Bausch and Lomb 
33-86-07 monochromator) for 3/4 h on 1 mL of about 5 m solu- 
tion of in benzene -d^, in a quartz cell of pathlength 

2 mm, under argon atmosphere. The NMR traces were recor- 
ded on a Nicolet NB-300 NMR spectrometer. 





109 


II. 5 REFERENCES 

(1) G. W. Griffin and E. J. O'Connel, J. Am. Chem. Soc., 

S4, 4148 (1962). 

(2) H. E. Zimmerman, H. G. C. Durr, R. G. Lewis and S. 
Braun, J. Am. Chem. Soc., 84, 4149 (1962). 

(3) A. Padwa, D. Crumrine and A. Schubber, J. Am. Chem. 
Soco, 88, 3064 (1966). 

(4) H. E. Zimmerman, H. G. C. Dvirr, R. S. Givens and 
R. G. Lewis, J. Am. Chem, Soc., 89, 1863 (1967), 

(5) N. Sugiyama and C. Kashima, Bull. Chem. Soc. Jpn., 43 , 
1875 (1970). 

(6) S. Lahiri, V. Dabral, S. M. S. Chauhan, H. Chackachery , 
C. V. Kumar, J . C, Scaiano and M. V, George, J, Org. 
Chem., 45, 3782 (1980). 

(7) H. V. Halben, H. Schmidt and M« Hochweber, Helv. Chim. 
Acta, 30, 1135 (1947). 

(8) B. A. R. C. Murty, S. Pratapan, C. V, Kumar, P. K. Das 
and M. V. George, J. Org. Chem., ^, 2533 (1985). 

(9) B. A. R. C. Murty, C. V. Kumar, V. Dabral, P. K. Das 
and M. V. George, J. Org. Chem., 4^, 4165 (1984). 

(10) B. A. R. C. Murty, Ph. D. Thesis, Indian Institute of 
Technology, Kanpur, India (1982). 



110 


(11) C. V« Kumar, B. A. R. Co Murty, S. Lahiri, Eo 
Chackachery, J, C. Scaiano and M. V. George, J. Orgo 

4923 (1984). 

(12) C. V. Kumar, Ph. D. Thesis, Indian Institute of 
Technology, Kanpur, India (1981). 

(13) B. B. Lohray, C. V. Kumar, P. K. Das and M. V. George, 

J. Org. Chem., 49, 4647 (1984), 

(14) B. B. Lohray, Ph. D. Thesis, Indian Institute of 
Technology, Kanpur, India (1982). 

(15) R. Barik, K. Bhattacharyya, P. K. Das and M. V. George, 

J. Org. Chem., 3420 (1986). 

(16) R. Barik, Ph. D, Thesis, Indian Institute of 
Technology, Kanpur, India (1986). 

(17) R. Barik, C. V. Kumar, P. K. Das and M. V. George, 

J. Org. Chem., 4309 (1985). 

(18) D. Ramaiah, S. Rajadurai, P. K. Das and M. V. George, 

J. Org. Chem., 1082 (1987). 

(19) For some pertinent references on the photochemistry of 
barrelenes, see Chapter I of this thesiso 

(20) P. M. Scaria, Ph. D. Thesis, Indian Institute of 
Technology, Kanpur, India (1981). 

(21) R. Huisgen, Angew. Chem. Int. Ed. Engl., i3, 947 (1980). 

(22) E. G. Taylor and I. J. Turchi, Chem. Rev., 79, 181 
(1979). 



Ill 


(23) A* A. Leone and P. S. Mariano, Rev. Chem. Intermed., 

4, 81 (1981). 

(24) A. G. Schultz, Acc. Chem. Res., 16 ^ 210 (1983). 

(25) Ao G. Schultz and L. Motyaka, ’’Organic Photochemistry”, 

A. Padwa, Ed., Marcel [)ekker. New York, Vol. 6, P. 1 (1983). 

(26) R. B. Woodward and R« Hoffmann, ’’The Conservation of 
Orbital Symmetry", Verlag Chemie, Weinheim (1970). 

(27) S. Lahiri, M. P. Mahajan, R. Prasad and M. V. George, 
Tetrahedron, 33, 3159 (1977). 

(28) W. Sucrow and M. Slopainka, Chem. Ber. , 105 , 3807 (1972). 

(29) V. Bardakos, W. Sucrow and A. Fehlaner, Chem. Ber., 

108 , 2161 (1975) . 

(30) All laser flash photolysis and pulse radiolysis studies 

and steady-state irradiation for absorption spectral 
1 

and H NMR spectral changes were carried out by Dr. P. K. 
Das, Dr, K. Bhattacharyya and Professor M. V. George at 
the Radiation Laboratory, University of Notre Dame, 

U. S. A. 

(31) S. P. McGlynn, T. Azumi and M. Kinoshita, "The Triplet 
State’’, Prentice-Hall, Englewood Cliffs, NJ, Chapter 3 
(1969) . 

(32) R. Bensasson and E. J. Land, Photochem. Photobiol. 

Rev., 3, 163 (1978). 



112 


(33) T. R. Evans and P. A. Leermakers, J* Am. Chemo Soc., 
m, 4380 (1967). 

(34) S. L. Murov, "Handbook of Photochemistry'*, Marcel 
Dekker, New York (1973). 

(3b) A. Singh, A. R. Scott and F« Sopehyshyn, J. Phys. 
Chem., 73, 2633 (1969). 

(36) C. V. Kumar, H. F. Davis and P. K. Das, Chem. Phys. 
Lett., 1^, 184 (1984). 

(37) A. Saf arzadeh-Amiri , R. E. Verrall and R. P. Steer, 
Can. J. Chem., 894 (1983). 

(38) J. K. Thomas, Ann. Rev. Phys. Chem., 21, 17 (1970). 

(39) K. Berbig, R. Huisgen and H. Huber, Chem. Ber. ,99, 
2546 (1966). 

(40) M. Riviere, N. Paillous and M. A. Lattes, Bull. Soc. 
Chim. Fr., 1911 (1974). 

(41) R. E. Lutz and W. R. Sraithey, J. Org. Chem., 16. 51 
(1951). 

(42) R. E. Lutz, "Organic Syntheses'*, E. C. Horning, Ed., 
Wiley, New York, Coll. Vol. 3, P'. 248 (1955). 

(43) A. lo Vogel, **A Text Book of Practical Organic 
Chemistry*', English Language Book Society and Longman 
Group Ltd,, London, p . 135 (1973). 

(44) H. B. Hass and M. L. Bender, J. Am. Chem. Soc., 71, 
1767 (1949). 


113 


(45) S. Lahiri, Ph. D. Thesis, Indian Institute of 
Technology, Kanpur, India (1977). 

(46) R. D. Small, Jr. and J. C. Scaiano, J. Am. Chem. 

Soc., im, 6965 (1979) o 

(47) P. K. Das and K. Bobrowski, J. Chem. Soc., Faraday 
Trans. II, 77» 1009 (1981). 

(48) V. Nagarajan and R. W. Fessenden, J. Phys. Chem., 89, 
2330 (1985). 

(49) L. K. Patterson and J. Lilie, Int. J. Radiat. Phys. 

Chem., 129 (1974). 

(50) R. S. Schuler, Chem. Ed., 2, 34 (1987). 



CHAPTER III 


PHOTOCHEMICAL TRANSFORMATIONS OF A FEW 5-ARYL-3 ,3-DI- 
PHENYL -aC 3H)-FURANONES 

III.l ABSTRACT 

The photochemical transformations of a few 5-aryl- 
3 , 3— diphenyl— 2( 3H) —f uranones such as 3,3—diphenyl—5—(4—me — 
thylphenyl)-2(3H)-furanone (^) , 3,3-diphenyl-5-(4-ethyl- 
phenyl)-2( 3H)-furanone (^) , 3,3-diphenyl-5-(4-methoxy- 
phenyl)2-( 3H)-furanone (^) , 3, 3-diphenyl -5-( 4-ethoxy- 
phenyl ) -2 ( 3H)-furanone (^), 5-(4-chlarophenyl)-3,3-di- 
phenyl- 2 ( 3H)-furanone (^) , 5-(4-cyanophenyl)-3,3-di- 
phenyl-2( 3H)-f uranone (^) , and 5-( 4-biphenyl yl) -3, 3-di- 
phenyl-2( 3H) -f uranone (^) have been examined. These 
f uranones 5b-h were prepared by the thermolysis of the 
corresponding l-aryl-3,4-diphenylbut-2-en-l ,4-diones 
lOb-h . 

Irradiation of 5b-h in benzene gave the corresponding 
decarbonylated products 6b-h in high yields. The £-me- 
thoxyace tophenone sensitized irradiation of 5b— h in benzene. 
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on the other hand, gave the corresponding 5— aryl— 3,4— di- 
phenyl— 2( 5H) -furanones , 7b-h , the 3— arylphenanthro[9,10— c]fu— 
ran-l( 3H)-ones , 9b-h and dimeric products, lOb-f . 

Laser excitation (337.1 or 355 nm) of acetophenone in 
the presence of 5b-h generated the triplets of these fura- 
nones; the data concerning their absorption spectra and 
kinetic behaviour are presented. From the observed triplet 
lifetimes, the phenyl group migration rates have been esti- 
mated at £1 x 10 s”" and it has been found that both ele- 
ctron-releasing and electron-withdrawing £-subs tituents on 
the aryl group at C-5 position slow down these reactions. 

III. 2 INTRODUCTION 

Photochemical and thermal transformations of five- 

membered unsaturated lactones such as 2( 3H)-f uranones and 

1-25 

2 (5H) -furanones have been investigated in detail. Some 

of the major reaction pathways followed by these furanones 
under photochemical conditions include solvent addi- 
tion, migration of aryl substituents^^ and 
dimerization.^*^*^^ In addition, 2(3H) -furanones undergo 
facile decarbonylation reaction leading to a,p-unsaturated 

carbonyl compounds.^^^^^»^° 

Photochemical transformations of several 2(3H)— fu— 
ranones have been reported irecently. from this laboratory. 
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The two prominent pathways for the photoreactions of these 
2( 3H) —f uranones are singlet— mediated de carbonyl ati on, to 
give (X ,p— unsaturated carbonyl compounds and electrocyclic 
ring closure reactions of the stilbene moieties to give 
4a,4b-dihydrophenanthrenes (Scheme III.l). Thus, tetra- 
phenyl-2( 3H)-furanone (1^) on irradiation in benzene or 
methanol gave the decarbonylated product 2^ in major amounts, 
along with a small amount of the phenanthrof uranone ±a. In 
contrast, the irradiation of lb and Jx, under analogous 
conditions, gave the phenanthrofuranones 4b and 4£ respecti- 
vely, as the only isolable products. Direct irradiation of 
a triaryl substituted furanone such as 3,3,5-triphenyl- 
2 (3H) -fur an one (^) gave exclusively the decarbonylated 
product whereas, the sensitized irradiation of ^ gave 

a mixture of 3, 4, 5-triphenyl-2(5H) -furanone (Tj) and 3-phenyl- 
phenanthro[9,10-c]furan-l(3H)-one (9a). The formation of 7a 
from ^ has been suggested to arise through a C-3 to C-4 
phenyl migration followed by further reorganizations, whereas, 

the phenanthrof uranone 9j^ has been shown to arise through the 

28 - 29 

further photoreactions of Ta. / 

The object of the present investigation has been to 
examine the mechanistic details of the phototransformations 
of some 3,3,5-triaryl— 2( 3H)—futanones and in particular to 
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study the effect of different para substituents on the C-5 
phenyl group (electron donating and electron withdrawing) 
in stabilizing the intermediates involved in these rearrange- 
ments. The 2( 3H)-furanones that we have examined in this 
connection include, 3,3-diphenyl-5-(4-methylphenyl)-2(3H)-fU“ 
ranone (5b), 3, 3-diphenyl-5-(4-ethylphenyl) -2( 3H) -f uranone 
(^) , 3, 3-diphenyl-5-( 4-me thoxyphenyl ) -2( 3H)-f uranone ( 5d) , 

3.3- diphenyl-5-(4-ethoxyphenyl)-2( 3H) -fur an one (^) , 
5-(4-chlorophenyl)-3, 3-diphenyl -2( 3H)-furanone (^) , 
5-(4-cyanophenyl)-3, 3-diphenyl -2(3H)“furanone (^) , and 
5-(4-biphenylyl)-3, 3-diphenyl -2( 3H)-furanone (^) . 

III. 3 RESULTS and DISCUSSION 

111. 3.1 Preparation of Starting Materials . The 
5-aryl-3, 3-diphenyl-2( 3H)-furanones 5b-h , that we have 
examined in the present studies were prepared by the neat 
heating of the appropriate l-aryl-3,4-diphenylbut-2-en- 

1.4- diones lOb-h ^*^ (Scheme III. 2). The structures of 5b-h 
have been established on the basis of analytical results, 
spectral data and comparison with authentic samples prepared 
by well-defined routes. 

111. 3. 2 Preparative Photochemistry and Product Identi- 
fication. Direct irradiation of a benzene solution of ^ 
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gave the decarbonyl a ted product, 3,3~diphenyl-l-(4-niethyl- 
phenyl)-“prop-2-en -l-one (^) in a 93>< yieldo Likewise, 
the irradiation of Sc-h , under analogous conditions, gave 
the corresponding decarbonyl ate d products, 6c--h in yields 
ranging between 87-96>< (Scheme III ,3) . 

In contrast, the £-‘methoxyacetophenone sensitized 
irradiation of ^ in benzene gave a mixture of 3,4-diphenyl- 
5-(4-methylphenyl)“2(5H)-furanone (7b, 34;^), 3-(4-methyl- 
phenyl)-phenanthro[9,10-c]furan-l(3H)-one (9b, 18^), the 
dimer (11^), and the unchanged ^ (23^) (Scheme III.3)o 
Similarly, irradiation of under analogous conditions, 
gave a mixture of the phenanthrof uranone 9c_ (44;><) , the 
dimer 11c (I7>i),and the unchanged ^ {11'/.), The sensitized 
irradiation of ^ in benzene also gave a mixture of the 
corresponding 2(5H)-furanone 7d (19><), the phenanthro- 
furanone 9d {9'/), the dimer lid (34^), and the unchanged 
5d {30'/) t whereas, ^ under analogous conditions gave the 
dimer li e (61*/) as the major product; small amounts of the 
2 (5H)-f uranone 7e (12;^), the phenanthrof uranone 9e (6>4), and 
the unchanged ^ (11^) could also be isolated. Likewise, 
the sensitized irradiation of ^ gave a mixture of the 
2 (5H)-f uranone 7f (39-/), the phenanthrof uranone 9f {9/)) 
the dimer Ilf (9><)» and the unchanged 5f {29'/), whereas the 
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irradiation of under analogous conditions, gave a 

mixture of the 2( 5H)-'f uranone Tg (52>i), the phenanthro- 
furanone £2 (10><), and the unchanged ^ (18^)o As compared 
to the facile reactions of 5b-~g , the reaction of ^ under 
sensitized irradiation was quite sluggish. Thus, prolonged 
irradiation of ^ (6 h) gave a mixture of the 2(5H)~f ura- 
none 7h (12>^) and the phen an throf uranone 9h {AOyi) ; consi- 
derable amount of the unchanged ^ could be isolated (38^) 
even under these conditions. Details of the product yields 
and percentage recovery of the unchanged starting materials 
from steady-state irradiation of 5b-h in benzene, under 
various conditions, are given in Table III.l. The stru- 
ctures of all the photoproducts, obtained from the irradia- 
tions of 5b-h , were arrived at on the basis of analytical 
results, spectral data and comparison with authentic sam- 
ples, wherever possible. 

To examine whether the phenanthrofuranones 9a-h . formed 
in the sensitized irradiations of 5a-h , arise through the 
subsequent photoreactions of the initially formed 2(5H)-fu- 
ranones 7a-h , we have studied the photoreactions of two re- 
presentative examples such as 7b and 7e. Thus, the direct 
irradiation of a benzene solution of 7b for 4 h gave a 90yi 
yield of the phenanthrofuranone 9b. Similarly, the irradia- 
tion of 7e, under analogous conditions, gave a 89>^ yield of 9e. 
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able IIIol Product Distribution in the Irradiation of 5-Aryl- 
3,3-diphenyl-2( 3H)-furanones ( 5a-h ) in Degassed 
Benzene 
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Data taken from references 26-29 
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An attempt has also been made to study the solvent 
effects, if any, in the triplet-sensitized transformations 
of the 3, 3, 5-triaryl ~2(3H)-furanones 5a-h . Thus, the irra- 
diation of a representative substrate such as ^ in hexane 
under £-me thoxyacetophenone sensitization, for example, gave 
the photodimer 11b {llyi) as the major product; a small amount 
of the phenanthrofuranone 9b (11*/.) could also be isolated 
from this reaction. In contrast, the irradiation of ^ in 
acetonitrile, under analogous conditions, did not give any 
of the photodimer 11b ; only a mixture of the rearranged 
2( 5H)-furanone 7b (25;/<) and the phenanthrofuranone 9b ( 31>i) 
could be isolated, along with some unchanged starting 
material (^, 29’/.) • Sensitized irradiation of in metha- 
nol, on the other hand gave exclusively the methanol addi- 
tion product, cis -3 ,4-dip henvl-5-me thoxvdihvdro-5-( 4-me thyl- 
phenyl)-2( 3H)-furanone ( 16b , 83’/.) „ The methanol adduct 16b 
alone could be isolated when the sensitized irradiation of 
5b was carried out in a mixture (9:1) of benzene and methanol 
Similarly, the sensitized irradiation of the 2(3H)-furanone 
5g in methanol gave cis -5-( 4-cyan ophenyl) -3,4-diphenyl-5-me- 
thoxydihydro-2( 3H)-f uranone ( 16g , 62’/). The structures of 

both 16b and I6g were established on the basis of analytical 

' ' 23 : '^28 29 ' ' 

results, spectral data and literature precedents. » * 

• ■ ' ■ • 



125 


In order to ascertain the spin multiplicity of the 
excited state species involved in the phototransformations 
of the 3,3,5~triaryl~2(3H)-furanones ( 5b~h ) under investiga- 
tion, an attempt was made to study the role of a triplet 
quencher such as piperylene in some of these reactions. Thus, 
the direct irradiation of a benzene solution of contain- 
ing excess of piperylene, gave the decarbonylation product 
6b in a 95^ yield, indicating thereby that the photodecarbo- 
nylation reaction is singlet mediated, 

IIIo3,3 Laser Flash Pholysis Studies , Each of the 
2( 3H) -f uranones 5a-h is characterized by a strong, low energy 
absorption system at 250-330 nm(\__„*s = 274-237 nm, 

^max* ® = (18-30) x 10^ M ^ cm ^) , This absorption extends 
up to 320-340 nm, beyond which it is negligible at millimolar 
substrate concentrations o Thus, while it was convenient to 
photoexcite the substrates 5a-h via direct absorption of 
308 nm laser pulse, the triplet sensitization experiments 
were carried out through the laser excitation (337,1 or 
355 nm) of aromatic ketones, in the presence of 5-20 mM con- 
centrations of 5a-h , In the present studies, we have used 
benzophenone , acetophenone and £-methoxyacetophenone as sen- 
sitizers, The excitation transfer from the triplets of the 
ketones (E^2 69 kcal mol ) to the styryl moiety 
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—1 

(E^ 62 kcal mol ) of the 2( 3H)-furanones were expected 

to occur in a diffusion controlled manner. A more precise 
knowledge of the location of the triplet energies (E^) of 
5a--h was obtained from the quenching behaviours of their 
triplets (see later). 

(a) Direct Excitation of 2( 3H)-Furanones . The 308 nra 
laser flash excitation of benzene solutions of Sb, d—h result- 
ed in pronounced absorbance changes at 300-400 nm. The photo- 
products responsible for' these absorbance changes were found 
within nanoseconds of the laser pulse and showed practically 
no sign of decay over the longest time scale (150 ps) of 
observation. The transient absorption spectra and the kinetic 
traces in the case of ^ and ^ are presented in Figure III.l. 
Based on the permanent nature of the absorbance changes and 
their spectral similarity with the difference absorption 
spectra between the l,3,3-triaryl-prop-2-en-l-ones 6b«d-h and 
the corresponding 2( 3H)-furanones 5b,d-h (see Figure III.l), 
we attribute these absorbance changes to prompt two-bond 
photocleavage resulting in the loss of carbon monoxide. 

There was no indication of the formation of triplets 
upon 308 nm laser pulse excitation of the 2( 3H)-f uranones 
5b.d-h in benzene or methanol. Based on the triplet extin- 


ction coefficients, estimated by energy- transfer technique in 



ABSORBANCE CHANGE 



Figure III.l Absorbance changes following 308 nm laser flash 
photolysis of (A) ^ and (B) ^ in benzene. The dotted curves 
A’ and B’ are difference absorption spectra in benzene for 
pairs (M, W) and i^), respectively. Insets: kinetic 

traces for transient“decay at the wave lenghts indicated. 


DIFFERENCE* EXTINCTION COEFFICIENT ,10 
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benzene ir.ee later), were estimated at well below lj4. 

For ^ Ml methanol saturated with potassium iodide, 
transient species characterized by spectral and kinetic 
behaviours similar to those of the triplets of these systems 
( as observed under acetophenone or ^“methoxyacetophenone tri- 
plet sensitization, see later) were formed under direct 308 nm 
laser excitation. Similar observations regarding heavy-atom 
induced intersystem crossing mxe also made for ^ and ^ in 
benzene in the presence of ethyl iodide (0.5 M). With the 
other 2( 3H)-f uranones, the enhancement of triplet yield upon 
saturating their methanol solutions with potassium iodide was 
negligible. 


Employing benzophenone triplet formation in acetonitrile 
for actinometry (#- « 1.0, = 6.5 x 10^ cm~^ at 

I Hitpix 

33 

520 nm) , and using ground-state extinction coefficients of 
the products 6b.d-h , we have estimated the quantum yields of 
decarbonylation (fp) of 5b«d-h In methanol. In these experi- 
ments, the solutions were optically matched at the laser exci- 
tation wavelength (absorbance s' 0.2 at 308 nm in 2 mm cells) 
and the absorbance changes as a result of laser excitation 
were noted at 320-330 nm* data are presented in 


Table III.2. The #b* 8 of 


are substantially smaller 


than those of the 


vari a ti on of $ p 
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Table 111,2 Photoproduct Absorption Maxima and Yields of 

b-Aryl~3, 3--diphenyl-2( 3H) -furanones ( Sa-h) 

in Methanol (x = 308 nm) 
ex 


subs trate 

’ ™- 


5a 

310“ 

0 . 30“ 

5b 

305 

0.23 

5c 

- 

- 

5d 

315 

0.20 


315 

0.21 


305 

0.26 


325 

OolO 


320 

0,12 





+ 5 nm; these maxima correspond to the difference absorption 
b 


+ 20j^; corresponds to dec arbonylati on products <. 
Data taken from references 28 and 29, 


spectra, 
c 
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upon going from degassed to air-saturated methanol solutions 
were well within experimental errors. 

(b) Triplets of 2( 3H)-Furanones 5b.d-h . Sensitization 
by Aromatic Ketone Triplets . Transient absorption spectra 
and decay kinetics attributable to the triplets of 5b,d-»h 
were investigated by 337.1 nm laser flash photolysis of 
acetophenone in benzene in the presence of 10-15 mM Sb.d-h o 
Representative triplet absorption spectra and decay profiles 
are shown in Figure III. 2, The data concerning absorption 
maxima ^ lifetimes are compiled in Table III. 3. 

O A mmO Q 

Previous studies on related 3,3,5-triaryl-2(3H)-furanones 

have revealed that the quenching of their triplets by the res- 
pective ground states (i.e., self quenching) is insignificant 
( 1 10 M s in benzene). This aspect was not pursued 
in any detail in the present cases; the reported triplet life- 
times (t^, Table 111.3) correspond to a given . concentration 
(12.5 mM for benzene and 10 mM for methanol). data in 
methanol were obtained with £-methoxyacetophenone as triplet 
donor (?v = 337.1 nm) ; the hydrogen abstraction by £-methoxy- 

A 

acetophenone triplet from methanol is far less efficient than 
that by acetophenone triplet. 



ABSORBANCE CHANGE 



WAVELENGTH, NM 


Figure III. 2 Triplet-triplet absorption spectra of (A) 5g and 
(B) ^ in benzene following acetophenone sensitization. Tnsets 
kinetic traces for triplet decay at the wavelengths indicated. 
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In order to confirm the triplet identification of the 
transients observed under aromatic ketone triplet sensiti- 
zation, their quenching behaviours towards oxygen, ferrocene 
and 2,5-dime thyl “2 ,4-hexadiene (EMHD) were studied in detail. 
The bimolecular rate constants (k^ ) for triplet quenching by 
ferrocene and EMHD were obtained from the slopes of the linear 
plots of observed pseudo-first-order rate constants for tri- 
plet decay vs. quencher concentrations. With oxygen as quen- 
T 

cher, k data were obtained from single-concentration measure- 

M 

ments , i.e., from the observed triplet decay rates in air- 

T 

saturated benzene. The k^ data are compiled in Table III .3. 

The extinction coefficients of triplet-triplet (T-T) 
absorptions of 5b,d-h were obtained by experiments in which 
benzene solutions of benzophenone (absorbance =2.0 at 355 nm 
in 2 mm cells) containing 20-30 mfA 5b,d-h were flash photo- 
lyzed. The end-of-pulse absorbance due to benzophenone tri- 
ple t(e ^ = 7.6 X 10^ cm~^ at 532 nm)^*^ in the absence 
of an acceptor was compared with the absorbances due to the 
triplets of 5b,d-h observed at 360-440 nm upon laser excita- 
tion of benzophenone solutions containing high concentrations 
of 5b.d-h . Under the conditions of our experiments, >95^ of 
benzophenone triplets were quenched by energy transfer to the 
2( 3H)-furanones and <2’^ of the laser photons at 355 nm were 
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Table III. 3 Absorption Spectral and Kinetic Properties of the 
Triplets of 5-Aryl-3,3~diphenyl-2(3H)~furanones 
(5a-h) in Benzene at 295 K 


substrate 

T- 

^nax’ 

T^ 

^max' 

10^"^cm“^ 

c 

^T» 

k T 
q 

9 

10^ M 

a 


nm 

p.S 

°2 

DM HD 

ferrocene 

5 a— 

335 

13 

0o92 

(1.03) 

1.6 

0.98 

5.0 

5b 

350 

15 

1.40 

(1.90) 

1.7 

0.84 

4.5 

5c 

- 


- 

- 

- 

- 

M 

355 

13 

1.90 

(2.60) 

2,3 

0.73 

4.6 


360 

- 

1.80 

(1.80) 

2.2 

0.73 

3.6 

M 

350 

15 

2.10 

(2.10) 

1.4 

0.93 

4.2 


365 

21 

3.00 

(•3.40) 

1.1 

1.20 

5.0 

5h 

440 

39 

7.70 
( 17.00) 

1.4 

0.40 

5.1 


- + 5 nm . - + 20/. . ~ ± 15/,* the data in parenthesis are in metha- 

nol; subs trate concentrations were 12.5 nM in benzene and 8— 10 nM in 
methanol , ■— + 15/j k s for oxy^sn were calculated from observed 
triplet decay rate constants in air— saturated and degassed solutions • 

- Data taken from references 26-29« 
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absorbed by the 2(3H)-furanones 5b,d--h . The data obtain- 
ed in this manner for wavelengths which were not T-T absorp- 

"T 

tion maxima were then used to calculate e 's (see 

max 

Table III. 3), based on previously obtained, relatively com- 
plete T-T absorption spectra that included the maxima. 

( c) Triplet Yield Enhancement and Fluorescence Quenching 
by Iodide Ion . As mentioned earlier, the triplet formation 
in the case of ^ and ^ is effected by the presence of heavy 
atoms. This aspect was pursued in detail using iodide ion 
as singlet quencher in methanol. Not surprisingly, among the 
2( 3H)-f uranones 5b,d-h , 5g and ^ are the only systems for 
which weak fluorescence were observed under steady-state lamp 
excitation. The fluorescence spectra in methanol are present 
ed in Figure III. 3. The quantum yields of fluorescence in 
methanol were estimated to be 0.014 and 0.009 for and 5h . 
respectively. Upon oxygen saturation, the intensity of 
fluorescence from a methanol solution of ^ remained practi- 
cally unchanged, while that in the case of ^ displayed a 
marginal decrease (~8><). Based on a typical value of 
2 X 10^^ for diffusion-controlled singlet quenching 

OK OK 

by oxygen in methanol,'^ ' the singlet excited state life- 
times for 5g ,h were estimated at >;0.5 ns. 
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The effect of varying concentrations of iodide ion 

(0-0*2 M) on fluorescence intensity (steady-state), triplet 

yield and decarbonylation yield of ^ and ^ were investiga 

ted. Figure I II .4, parts A and B show the Stern-Volmer plo 

for fluorescence quenching of ^ and ^ by iodide ion in 

methanol* From the slopes of these linear plots, the fluor 

F 

cence quenching constants were estimated to be 2 + 0.5 

and 1 + 0.5 M ^ for ^ and respectively* Based on the 

parallel photoprocesses, represented by equations III.!- 
III. 5, originating from the lowest singlet (Sj^), equa- 
tions III.6-III.8 could be easily deduced for the quenchingS 
of fluorescence and photochemistry and enhancement of tripli 






+ I 1 ^ + 1 


S, + I ► S + I or other 

1 o 

products 


(ni.i) 

(111. 2) 

(111. 3) 

(111. 4) 

(111 .5) 


formation. In equations III.6-III.8, I — steady-state flu- 
orescence intensity, AA = absorbance change as a result of 
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laser pulse excitation, Kgy = Stern-Volmer constant, 

= fraction of quenching events that result in triplet 
forma tiono In the absence of complications, one would 
expect > ^ 5 y snd ^gy to be identical* Figure HI *4, 


= 1 + Kg/ [1-] 


" ■ = 1 " Kg/ [I-] 


A A. 


= Const. ~ [1 + 

«T Kg/ [!"] 


(111. 6) 

(111. 7) 

(111. 8) 


parts A' and B' show the double reciprocal plots for tri- 
plet formation based on equation III. 8. The absorbance 
changes (AAj) due to triplets were monitored at 380 and 
435 nm for ^ and respectively, following 337.1 nm laser 
flash photolysis of their methanol solutions (absorbance = 

0.2 in 2 mm cells at 337.1 nm) containing varying amounts of 
iodide ion. The slopes-to-intercept ratios of the plots in 
Figure III. 4, parts A’ and B' gave 3 + 1 and 2 + 1 for Kg^^ for 
5g and respectively. In view of the large experimental 

errors, and K»,J data should be considered to agree 

SV SV 

with each other. Furthermore, comparison of the reciprocals 



Figure III. 4 Stern-Volmer plots, based on equation III. 6 
for fluorescence quenching of ( A) ^ and (B) ^ and double 

reciprocal plots based on equation III. 8 for triplet yield 
enhancement of (a’) ^ and (B*) M methanol (quencher; 
iodide ion) 
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of the intercepts of the plots in Figure III. 4, parts A* and 
B* (i.e,, s at infinite concentration of iodide ion) with 

absorbance changes due to benzophenone triplet in optically 
matched solutions of benzophenone in acetonitrile led to 
estimates of 0.8 and 0.3 for 6^ in the case of ^ and 5h, 
respectively. In calculating 6~, we have assumed that X s 

1 *11 o X, 

of ^ and ^ in methanol are the same as those in benzene 
(Table IIIo2). 

In the case of the triplet does not absorb signifi- 
cantly at the wavelength maximum of absorbance change (330 nm) 
due to photodecarbonylation. Therefore, the relative change 
in the latter as a function of the concentration of iodide ion 
could be monitored without difficulty. However, the magni- 
tudes of decrease in AAp as a result of quenching by iodide 
ion were small and within experimental uncertainties of the 
absorbance change measurement. We still could observe 10-15;^ 
decrease in &Ap at the highest concentration of iodide ion 
used (i.e., 0.2 M) . This extent of quenching of product for- 
mation is in agreement with that observed for fluorescence. 

In the case of the contribution of triplet absorption at 
short wavelengths (320-330 nm) is insignificant; the absor- 
bance change due to decarbonylation product had to be deter- 
mined following the completion ©f triplet decay (over *^15 ps) 



140 


after the laser pulse), A comparison of AAp's (monitored 
at 325 nm) in the absence and 0.2 M concentration of iodide 
ion shows that the decrease (•“10><) in AAp as a result of 
quenching by iodide ion is less than that expected from the 
extent of fluorescence quenching (30;<) under the same condi- 
tion. This complication, however, could be recognized in 
terms of the contribution of the product(s) of the decay of 
the triplet, at the short-wavelength region. 

i*3.4 Discussion ♦ The triplet mediated photorearrange- 
ment of the 2( 3H)-furanones 5a-h to the 2(5H)“furanones 7a-h 

could be explained in terms of the pathway shown in 
29 

Scheme III. 4. The triplet state of the .2( 3H)-furanone could 
be viewed as a diradical intermediate 3^, in which one of the 
C-3 phenyl groups could migrate to the C-4 position, perhaps, 
through a bridged transition state, to give the rearranged 
diradical intermediate 1^. Electron demotion from will 
lead to the zwitterionic intermediate 1^(A,B), which will then 
undergo hydride shift to give the corresponding 2( 5H)-furanones 
(7). The involvement of zwitterionic intermediates (14) In the 
phototransformations of 5 has been confirmed through the iso- 
lation of the methanol adducts 16b and when the sensitized 

irradiation of ^ and respectively, were carried out in 
methanol (Scheme ill .4) . The formation of the phenanthrofura- 
nones 9a-h in the sensitized irradiation of Sa-h , however, can 
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Scheme III. 4 
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be understood in terms of the further transformations of the 
initially formed 2(5H)-furanones 7a~h (Scheme III. 4). 

If zwitterionic intermediates such as W are involved in 
the triplet-mediated transformations of 2( 3H)-furanones ( 5a-h ) 
to the corresponding 2(5H)-furanones ( 7a-h ) . then it would be 
of interest to examine the effect of different para substi- 
tuents in the C-5 phenyl group, on these rearrangements. From 
the product yields and triplet lifetime data presented in 
Tables III.l and III, 3, it is not very clear whether any de- 
finite correlation exists between the para substituents of the 
C-5 phenyl group and the product yields, reflecting C-3 to C-4 
phenyl group migration. This is not entirely surprising since 
in the suggested pathway (Scheme III, 4), the zwitterionic 
intermediate M (or the development of charge at the C-5 posi- 
tion of the furanone ring) is invoked only after the migration 
of the aryl group from C-3 to C-4 position has occurred. How- 
ever, it may be noted that the presence of electron-releasing 
groups at the para position of the C-5 phenyl group generally 
favoured the formation of the dimeric product, the reason for 
which is not fully understood yet. It has been observed that 
the product composition in the phototransformations of 2(3H)-fU' 
ranones has been considerably affected by the nature of the 
solvent employed. Thus, it has been observed that in non- 
polar solvents such as hexane, dimerization was a major 
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reaction pathway, whereas in polar solvents such as acetoni- 
trile, the dimerization was totally suppressed. These obser- 
vations are in agreement with earlier reports on the photo- 
chemistry of related systems. 

Based on the consideration that the quantum yields of 
the phenyl group migration process from the triplet states 
are necessarily 2l> we conclude that the reciprocals of the 
observed triplet lifetimes represent the upper limits of the 
migration rates. From the data compiled in Table III. 3, 
these limits of migration rates are shown to range from 
1.1 X 10^ s ^ in benzene) to 6,0 x 10^ s*”^ in metha- 
nol). Interestingly, compared to the unsubstituted system 
5a , both electron-releasing (e.g,, methoxy) and electron- 
withdrawing (e.g., cyano) substituents at the £-position of 
C-5 phenyl group cause lengthening of triplet lifetimes. 

The radical center at C-5 position in 13, produced as a 
result of C-3 to C-4 phenyl group migration is expected to 
be stabilized by both electron-releasing and withdrawing 
substituents at the £-position of the aryl group at this 
position. Thus, one would expect an enhancement of the 
migration rate upon substitution by these groups at this 
position. Since, in practice, we observe a decrease in the 
triplet decay rates (lA^) upon substitution, we conclude 
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that the enhancement (if any) in the migration rates is more 
than compensated for by the decrease in the intersystero cross- 
ing rates, More plausibly, the migration rates are 

slowed down upon introduction of the £-subs tituents » In par- 
ticular, for the marked decrease in the migration rate is 

reflected in the sluggishness of product formation under the 
steady-state irradiation with £-me thoxyacetophenone sensiti- 
zation. 

Since the rate constants for triplet quenching 

Table III, 3) by DMHD are well below the limits of diffusion 

control, the triplet energies of the 2( 3H)-furanones are 

lower than, but close to, of DM HD (59 kcal mol"^),^^ We 

should note that the observed quenching can also be in part 

due to non-energy- transfer interactions, e,g., 2+2 addition 

and oxetane formation. In fact, the effect in terms of de- 
T 

creasing k from electron-releasing substituents (£-methoxy) 

T 

and in terms of increasing k^ from electron-withdrawing sub- 
stituents (£-cyano) suggests the importance of charge-transfer 
interaction of the triplets with electron-rich diene. The 
most significant change (i,e,, decrease) in k^ is noted with 
5h t this is probably, in part, a reflection of the relatively 
large lowering of upon £-phenyl substitution. Note that 
the T-T absorption maximum of ^ is also conspicuously red- 



145 


shifted, suggesting a pronounced effect from the aromatic 
substituent on the electronic make-up of the triplet. 

The substituent effect is also evident, to a certain 
extent, in the rate constants for triplet quenching by oxy- 
gen (Table III. 3). While these are all close to l/9 
(i«.eo, the spin-s tatistically limited value, expected for 
energy-transfer quenching), there is a small but gradual 
increase in these rates as one proceeds from electron- 
withdrawing substituents to electron-releasing ones. Such a 
trend, not uncommon for oxygen quenching, has been observed 

previously for series of substituted acetophenones and ben- 
38 

zophenones and probably implies a certain degree of charge- 
transfer interaction. 

The singlet-mediated decarbonylation reaction leading to 
l-aryl-3,3-diphenylprop-2-en-l-ones 6b-h has been established 
to proceed through a one-photon two-bond cleavage mecha- 
nism. As evident from the #p data compiled in Table III *2, 

the cyano and phenyl groups as £-subs tituents on C-5 aryl group 
significantly lower the efficiency of this reaction. From the 
onsets of the lowest-energy band systems of Sa-h . no signifi- 
cant variation is noted in their singlet energy (Eg^ 89 kcal 
nj>l”^ from the onsets of fluorescence spectra of ^ and ^ in 
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methanol). The quantum yields of fluorescence and inter- 
system crossing are small for these systems. Thus, the 
smaller value of fp in the case of ^ and ^ must be due to 
the availability of nonradiative processes from the singlet 
states of these systems. 

111.4 EXPERIMENTAL SECTION 

All melting points are uncorrected and were determined 
on a Mel-Temp apparatus. The IR spectra were recorded on a 
Perkin-Elmer Model 377 infrared spectrometer and the UV 
spectra on Cary 17D or Cary 219 spectrometers. The NMR 
spectra were recorded on a Varian EM-390 spectrometer, using 
tetrame thylsilane as internal standard. The mass spectra 
were recorded on a JEOL JMS-D 300 mass spectrometer. All 
steady-state irradiation experiments were carried out in a 
Sreenivasan-Griffin-Rayonet photochemical reactor (RPR 300 nm 
light source for direct and 350 nm light source for sensitized 
irradiation experiments). 

III. 4.1 Starting Materials . The l-aryl-3,4-diphenylbut- 
2-en-l,4-diones, lOb,^^ mp 157-158 °C, 10c, mp 116-117 °C, 
lOd,^^ mp 176-177 °C, lOe,"^^ mp 155-156 °C, 1^,^^ mp 182- 
183 °C, 10£,^^ mp 200-201 °C and dm, mp 131-132 ®C and 
3,3,5-triphenyl-2(3H)-furanone (^) ,^’^ mp 120-121 °C were 



prepared by reported procedures. Solvents fo . 

irradiation experiments .^re purif d =*"=^V-tate 

Paa. Aldrich Gold distilied before 

Aldrich Gold-Labei solvents ,«re used f„ . 

Petroleum ether used ” atudies, 

Psed was the fraction with bp 60-80 »c. 

^^^ration or ^ , d d- s 

SSnes 5 ^. ' -^GiatS-diphenyl-of 

y^neral procedure »2 — 

^ — - -t heati: r::“^ 

l-aryi-3.4-diphe„yibut-G-en-i,4-dio„e3 iob h 

-Pied under „i6ip,,„, r" .iass tubes 

thermolysate, after cooling „ ” 

Sel. The product thus obtained 

^otained was 

by recrystallization from • » in each case, 

n from a mixture (1.3) 

ethanol. chloroform and 

Sfe was obtained in a s 7 ^ ^ ^ — MSanone (^) . 

a 89/ yield, mp 152-151 °r- c. 43 
-»P 152-152.5 °C) (lit.''3 


3 , 3 -Dip henYl-s,f 4 _p,.,, , 

. B-aHhaiM j-furan^ (^) . 5^ 

o, 


Was obtained in a •, • i ^ 

a 63 / yield, mp 92*-93 °C 

IR spectrum V (KRr'S* •ariT/i 

max . 3070 , 3040 , 30in oqa^ cv 

2860 (CH), 1780 fC=n\ ^ 2920, 

( =0), 1630 and 1590 (C=C) cm“-^. 

W spectrum X (CH ohU oro 

, max 218 nm (e. po ^nn u\ 

18,500. sh^ PAR Yo. 29,500, sh), 243 

» Sh;, 265 (23,300, sh). 273 /Pn onf.^ 

^ 273 (23,900), and 295 (8100) 



148 


NMR spectrum (CDCl^): 6 lo25 (3 H, t, J =7.5 Hz, 
CH 3 ), 2.67 (2 H, q, J = 7,5 Hz, CH 2 ), 6.30 (l H, s, vinylic), 
and 7.50 (14 H, m, aromatic). 

Anal . Calcd for 84.71; H, 5.88. Found: C, 

84.84; H, 6.02. 

3 . 3- Diphenvl-5-( 4-me thoxyphenyl) -2( 3H) -f uranone ( 5 d) . 

^ was isolated in a yield, mp 170-171 °C (lit."^^ 

mp 171 °C)o 

3. 3- Diphenvl-5-(4-e thoxyphenyl) - 2 ( 3 H)-furanone ( 5 e) . 

5e was isolated in a 19'/. yield, mp 95-96 °C. 

IR spectrum y (KBr); 3080, 3040, 2960, 2900, 2860 

ITi QX 

(CH), 1770 (0=0), 1630 and I 6 OO (C=C) cm“’^. 

UV spectrum (CH 3 OH): 222 nm (e, 19,600, sh) , 

247 (10,400, sh), 267 (17,400, sh) , 281 (22,700), and 
306 (6500, sh). 

^H NMR spectrum (CDCI 3 ): 6 1.50 (3 H, t, J = 7.5 Hz, 
CH 3 ), 4.20 (2 H, q, J = 7.5 Hz, CH 2 ) , 6.30 (l H, s, vinylic), 
and 7.50 (14 H, m, aromatic). 

/^al . Calcd for 80.90; H, 5.62. Found: C, 

80.68; H, 5,81. 

45 

5 -( 4-ChloroDhenvl)-3.3-diphenYl-2(3H)-furanone (M) » 

5f was obtained in a 76>< yield, mp 173-174 ®G. 
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IR spectrum (KBr): 3100, 3040, 3020 (CH) , 1770 

ITlaX 

(C=0), 1635 and 1580 (C=C) cm"^. 

UV spectrum (CH^OH): 214 nm (e, 26,900, sh), 222 

(21,700, sh), 261 (15,200, sh) , 268 (17,800, sh) , 275 
(18,900), and 299 (4600, sh). 

NMR spectrum (CDCl^): 6 6.30 (1 H, s, vinylic) and 
7.50 (14 H, m, aromatic). 

Anal . Calcd for C22H3_5C102: C, 76.30; H, 4.34. Found: C, 
76.43; H, 4.42, 

5--( 4-Cvan op henyl ) -3, 3-diphenyl -2 ( 3H)-f uranone ( 5q) . ^ 

was obtained in a 'IQ'A yield, mp 188—189 °C« 

IR spectrum (KBr): 3080 , 3050 , 3010 ( CH) , 2220 (C^), 

1790 (CO), 1650 and 1600 (C=C) cm“^. 

UV spectrum X (CHOH): 220 nm (e, 28,700, sh) , 
rn3X o 

263 (13,200), 268 (15,900), and 286 (24,600). . 

i 

NMR spectrum (CDClj):^ 6.50 (1 H, s, vinylic) and 
7.55 (14 H, m, aromatic). 

Anal . Calcd for C23H^^N02: C, 81.90; H, 4.45; N, 4.15. 
Found: C, 82.05; H, 4.50; N, 3.95. 

5-(4-Siphenylvl)-3.3-diphenyl-2(3H)-furanone (5h) . 5h 
was isolated in a 11'/. yield, mp 193-194 (lit.'^^ mp 195 °C) . 
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1 1 . 4 . 3 Irradiation of 3« 3, 5-Triphenyl •-2( 3H)-furanone 
(^) . A solution of (320 mg, 1 mmol) and £-methoxy- 

acetophenone (150 mg, 1 mmol) in benzene (200 mL) was irra- 
diated for 2 h. Removal of the solvent under vacuum gave a 
residual solid, which was triturated with chloroform. The 
solid material was filtered and washed with chloroform to 
give 30 mg ( 9/0 of 11a , mp >360 °C. 

IR spectrum v ^ (KBr) r 3060, 3020, 2920 (CH) , and 
max 

1765 (CO) cm"^„ 

Anal . Calcd for 0 ^^ 112204 ? C, 84.62; H, 5.13. Found: C, 
84.48; H, 5.27. 

After the removal of chloroform from the filtrate, the 
residual solid was chromatographed over silica gel. Elution 
with a mixture (1:4) of benzene and petroleum ether gave 75 mg 
(23/) of the unchanged rap 120-121 °C (mixture melting 
point). Further elution with a mixture (1:1) of benzene and 
petroleum ether gave 30 mg ( 9 /) of the phenanthrofuranone 9a , 
mp 259-261 (mixture melting point). Subsequent elution 
with a mixture (7:3) of benzene and petroleum ethe'r gave 
155 mg (48/) of the 2( 5H) -f uranone 7a, mp 124-125 (mixture 
melting point) . 
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III«4.4 Irradiation of 3, 3-^Diph6nyl^-(4-■methvlphenvl)- 
2( 3H) -f uranone (^) . A solution of ^ (165 mg, 0o5 mmol) in 
benzene (100 mL) was irradiated for 6 ho Removal of the sol- 
vent under vacuum gave a residual solid, which was recrysta- 
llized from ethanol to give 140 mg (93><) of mp 92-93 
(mixture melting point)* In a repeat run, a solution of ^ 
(165 mg, 0*5 mmol) and piperylene (135 mg, 2 mmol) in benzene 
(100 mL) was irradiated for 6 h and workup as in the earlier 
case gave 142 mg (95><) of mp 92-93 °C (mixture melting 
point) . 

In a separate experiment, a benzene solution of ^ 

(325 mg, 1 mmol in 200 mL) was irradiated in the presence of 
p-me thoxyacetophenone (150 mg, 1 mmol) for 2 h* The solvent 
was removed under reduced pressure and the resultant solid 
was triturated with chloroform to give 40 mg (12^) of 11b , 
rap >360 °C. 

IR spectrum (KBr) ; 3020, 2960, 2920 (CH) , and 

rn 3 . A 

1760 (0=0) cm”^* 

Mass spectrum, m/e (relative intensity): 652 (M , 1), 

326 (mV 2, 100), 207 (48), 178 (73), 119 (CH3C^H4C0'^, 80), 
and other peaks. 

Anal * Calcd for C, 84o66j H, 5*52, Found: 


C, 84.60J H, 5.12, 
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The residual solid, after the removal of solvent from 
the chloroform layer, was chromatographed over silica gel. 
Elution with a mixture (1:4) of benzene and petroleum ether 
gave 75 mg (23-/) of the unchanged mp 152-153 (mixture 
melting point). Further elution with a mixture (1:1) of 
benzene and petroleum ether gave 58 mg (18^) of the phenan- 
throfuranone 9b, mp 254-255 °C, after recrystallization from 
a mixture (1:1) of chloroform and ethanol. 

IR spectrum V (KBr): 3040, 3020, 2960, 2910 (CH) , 
in cix 

and 1750 (C=0) cm"*^, 

UV spectrum (CH^OH): 229 nm (e, 28,600), 250 

m oi X C/ 

(28,400, sh), 256 (29,500), 274 (8400), 300 (6900), and 311 
(5700, sh)o 

NMR spectrum (CDCl^) : 6 2.35 (3 H, s, CH^) , 6.70 
(1 H, s, CH), 7.60 (10 H, m, aromatic), 8.80 and 9.30 (2 H, 
m , H~7 and H-8 ) . 

Mass spectrum, m/e (relative intensity) : 324 (M^, 36), 
295 (M"^ - CO, - H, 12), 205 (M*^ - CO, - eH3C^H4, 100), 176 
(28), 119 (CH3C^H4C0'^, 22), and other peaks. 

Anal . . Calcd for C23Hj^^02: C, 85.19; H, 4.94. Found: G, 
85.31; H, 5.01. 

Subsequent elution of the silica gel column with a 
mixture (7:3) of benzene and petroleum ether gave 130 mg 
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(AOy:) of the 2(5H)--furanone 7bt mp 119-120 (mixture 

melting point), after recrystallization from ethanol. 

In a repeat run, a solution of (325 mg, 1 mmol) and 
£-methoxyacetophenone (150 mg, 1 mmol) in hexane (200 mL) was 
irradiated for 2 h. Workup of the photolysate as in the ear- 
lier cases gave a mixture of 9b (68 mg, 11-/), rap 254-255 °C 
(mixture melting point), ]J^ (228 mg, 70^), mp >360 °C and 
the unchanged ^ (10 mg, 3-/,) , mp 152-153 °C (mixture melting 
point) . 

In a separate experiment, a solution of ^ (325 mg, 

1 mmol) and £-methoxyacetophenone (150 mg, 1 mmol) in aceto- 
nitrile (200 mL) was irradiated for 2 h and worked up as in 
the earlier cases to give 75 mg {23y.) of 7b, mp 119-120 °C 
(mixture melting point), 100 mg (31><) of 9b, mp 254-255 °C 
(mixture melting point) and 95 mg {29’/.) of the unchanged 5b , 
mp 152-153 *^0 (mixture melting point). 

In yet another experiment, a solution of (325 mg, 

1 mmol) and p-methoxyacetophenone (150 mg, 1 mmol) in methanol 
(200 mL) was irradiated for 4 h. Workup of the photolysate 
by removal of the solvent under reduced pressure and recrysta- 
ilization of the residue from a mixture (1:4) of benzene and 
petroleum ether gave 300 mg {83/.) of 16b , mp 126-127 C. 
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IR spectrum (KBr) : 3060, 3030, 2990, 2960, 2940, 

2920 (CH), 1775 (CO), and 1600 (C=C) cm“^. 

UV spectrum (CH30 H)j 226 nm (e, 29,300, sh) , 238 

(18,600, sh), and 273 (1900) „ 

NMR spectrum (CDCl^) : 6 2.20 (3 H, s, CH^) , 3.20 
(3 H, s, OCH3) , 4.25 (1 H, d, J = 8 Hz, CH) , 5.00 (1 H, d, 

J — 8 Hz, CH) , and 7.05 (14 H, m, aromatic). 

Mai. Calcd for ^ 24 ^ 2 ^ 3 ' 80«45; H, 6.15. Found: C, 

80.81; H, 6.23. 

In a repeat run, a solution of ^ (325 mg, 1 mmol) and 
£-me thoxyacetophenone (150 mg, 1 mmol) in a mixture (9:1) of 
benzene and methanol was irradiated for 4 h. Workup as in 
the earlier case gave 310 mg (86><) of 1^, mp 126-127 °C 
(mixture melting point). 

Irradiation of 3.4-Diphenvl-5-(4-methYlphenvl)-2(5H)-f u- 
ranone (21^)* A benzene solution of 7b (65 rag, 0.2 mmol in 
50 mL) was irradiated for 4 h (RPR, 300 nm) . Removal of 
the solvent under reduced pressure gave a residue, which was 
recrystallized from a mixture (1:1) of chloroform and ethanol 
to give 58 mg (90-/) of 9b, rap 254-255 °C (mixture melting 
point) . 

III-4.5 Irradiation of 3,3-DiPhenvl~5-(4-ethylphenyll- 
2( 3H)--furanone (^) . A solution of ^ (170 mg, 0.5 mmol) 
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in benzene (100 mL) was irradiated for -6 h. Removal of the 
solvent under vacuum gave a residue, which was recrystallized 
from ethanol to give 145 mg (94yj) of 6Ci mp 96-97 °C. 

IR spectrum (KBr): 3050, 3020, 2990 (CH), 1635 

(C= 0 ), 1600 and 1570 (C=C) cm"^» 

UV spectrum (CH 3 OH): 228 nm (e , 14,100), 270 

(12,200), 293 (11,300), and 310 (10,700, sh). 

1 

H NMR spectrum (CDCI 3 ) : 6 1»30 (3 H, t, J = 7o5 Hz, 

CH 3 ), 2«75 (2 H, q, J = 7.5 Hz, CH^) , and 7.60 (15 H, m, 
aromatic and vinylic) . 

Anal . Calcd for ^23^20*^* 88.46; H, 6.41o Found: C, 

88 . 68 ; H, 6,13. 

In a repeat experiment, a solution of ^ (340 mg, 1 mmol) 
and £-me thox yace tophenone (150 mg, 1 mmol) in benzene (200 mL) 
was irradiated for 2 h. The solvent was removed under reduced 
pressure and the residual solid was triturated with chloroform 
to give 58 mg (17*/) of the dimer 11c , mp >360 °C. 

IR spectrum (KBr): 3060, 3030, 2970, 2920 (CH), 

and 1770 (CO) cm”^. 

Mass spectrum, m/e (relative intensity) f 679 (M^ — H, 2), 
340 (M'^/2, 100). 235 (16), 206 (41), 178 (60), 133 (C 2 H 5 C^H 4 CO'^, 


73), and other peaks. 
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Anal. Calcd for C48^40°4* 84.71} H, 5,88. Found: C, 

84.84} H, 6.02o 

The residual solid, after the removal of the solvent from 
the chloroform layer was chromatographed over silica gel. 
Elution with a mixture (1:4) of benzene and petroleum ether 
gave 57 mg (17-/) of the unchanged mp 92-93 °C (mixture 
melting point). Further elution with a mixture (1:1) of 
benzene and petroleum ether gave 150 mg (44>^) of the phenan— 
throfuranone 9£, mp 225-226 ^c, after recrystallization from 
a mixture (1:3) of chloroform and ethanol, 

IR spectrum (KBr) : 3040, 3020, 2960, 2930 (CH), 

and 1745 (C==0) cm‘^. 

UV spectrum (CH3OH) : 230 nm (e, 32,400), 253 

(31,700, sh), 259 (32,900), 275 (9200), 301 (7700), and 313 
(7100, sh). 

NMR spectrum (CDCI3): 6 1,20 (3 H, t, J =» 7.5 Hz, 

CH3), 2.67 (2 H, q, J = 7.5 Hz, CH2) , 6.67 (1 H, s, GH), 

7.50 (10 H, m, aromatic), 8.80 and 9.25 (2 H, m, H-7 and H-8). 

I 

Mass spectrum, m/e (relative intensity): 338 (M , 69), 

309 (M"^ - H, - CO, 23), 205 (m'*' - CO, - 02^6^4 » 

(54), 133 (C2H5C^H4C0'*', 45), and other peaks. 

Anal . Calcd for C24H^g02S C, 85,20} H, 5,32. Found: C, 
5.32} H, 5.14. 
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III. 4. 6 Irradiation of 3. 3-Diph6nvl~■5~(4-TOethoxvphenvl')-- 
2( 3H) -furanone (^) . A benzene solution of 5d (170 mg, 

0.5 mmol in 100 mL) was irradiated for 6 h. Removal of the 
solvent under vacuum, followed by recrystallization of the 
residue from ethanol gave 150 mg (96><) of mp 101-102 

IR spectrum (KBr) : 3030, 2980, 2950 (CH), 1640 (C=0) , 

and 1595 (C=C) cm"^. 

UV spectrum (CH^OH) : 229 nm (e , 19,800) and 305 

(16,900). 

NMR spectrum (CDCl^) : 6 3.85 (3 H, s, OCH^) and 7.40 
(15 H, m, aromatic and vinylic). 

Anal . Calcd for '^22^18*^2* Found; C, 

84,35; H, 5.47. 

In a separate experiment, a solution of ^ (345 mg, 

1 mmol) and p-methoxyacetophenone (150 mg, 1 mmol) in benzene 
(200 mL) was irradiated for 2 h. After removal of the solvent 
under reduced pressure, the residual solid was triturated with 
chloroform to give 120 mg (34>i) of lid , mp >360 °C. 

IR spectrum (KBr): 3070, 3030, 2980, 2840 (CH) , 

1775 (C=0), 1610 and 1580 (C=C) cm“^o 

Mass spectrum, m/e (relative intensity) : 342 (M /2, 60), 
207 (12), 179 (26), 135 (CH 30 C^H 4 C 0 '^, 100), and other peaks. 
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The residual solid, after the removal of the solvent 
from the chloroform layer, was chromatographed over silica 
gel. Elution with a mixture (1:1) of benzene and petroleum 
ether gave 105 mg (30*/) of the unchanged mp 170-171 °C 
(mixture melting point). Further elution with ■ a mixture 
(7:3) of benzene and petroleum ether gave 30 mg (9*/) of the 
phenanthrofuranone 9d, mp 238-239 '^C, after recrystallization 
from a mixture ( 1 : 1 ) of benzene and petroleum ether. 

IR spectrum v (KBr) : 3080, 3060, 2960 (CH) , 1750 

m oiX 

(C=0), and 1600 (C=C) cm~^o 

UV spectrum (CH 3 OH) : 237 nm (e , 31,800), 251 

(27,600, sh), 257 (28,900), 276 (8000), 301 (6600), and 
314 (5900, sh). 

NMR spectrum (CDCI 3 ) : 6 3.80 (3 H, s, OCH 3 ) , 6.67 
(1 H, s, CH) , 7.40 (10 H, m, aromatic), 8.80 and 9.35 (2 H, 
m, H-7 and H- 8 ). 

fAass spectrum, m/e (relative intensity): 340 (M*^, 52), 
311 (M*^ - CO, - H, 14), 205 (M"^ - CO, - CH30C^H4, 100), 177 
(33), 176 (35), 135 ( CH 30 C^H 4 C 0 '^ , 80), and other peaks. 

Anal * Calcd for C 23 Hj_^ 03 : C, 81.18; H, 4.71. Found: C, 
81.42; H, 4.93. 

Subsequent elution with benzene gave 65 mg (W) of the 
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2(5H)-furanone 7d, mp 112-113 (mixture melting point) . 

III.4.7 Irradiation of 3t3-Diphenvl-5-(4-ethoxvphenyl)- 
2(3H)-furanpne. (^) . A solution of ^ (180 mg, 0.5 mmol) in 
benzene (100 mL) was irradiated for 6 h. Removal of the sol- 
vent, followed by recrystallization of the residue from petro- 
leum ether gave 155 mg (95-/) of 6e, mp 103-104 °C. 

IR spectrum v (KBr) : 3040, 3020, 2970, 2920 (CH) , 

lu aX 

1640 (C=0), 1590 and 1560 (C=C) cm"^. 

UV spectrum (CH 3 OH) ; 228 nm (e , 18,700) and 304 

(16,800) . 

NMR spectrum (CDCl^) : 6 1.40 (3 H, t, J = 7.5 Hz, 

CH 3 ), 3.95 (2 H, q, J = 7.5 Hz, CH 2 ) , and 7.30 (15 H, m, 
aromatic and vinylic). 

Anal . Calcd for C 23 H 2 QO 2 : C, 84ol5; H, 6.10. Found: C, 
84.38; H, 5.95. 

In a repeat run, a solution of ^ (535 mg, 1 mmol) and 
£-me thoxyacetophenone (150 mg, 1 mmol) in benzene (200 mL) 
was irradiated for 2 h. Removal of the solvent under vacuum, 
gave a residue, which was triturated with chloroform to give 
215 mg (61*/) of the dimer lie , mp >360 ®C. 

IR spectrum (KBr): 3070 , 3040 , 2980 , 2940 , 2890, 

2840 (CH), 1770 (C=0), 1610 and 1590 (C=€) cm”^. 



160 


Mass spectrum, m/e (relative intensity): 711 - H, 1) , 

356 (mV2, 84), 206 (10), 178 (22), 149 ( C^H^OC^H^CO'^, 100), 

121 (C 2 H^ 0 C^H^'^ , 28), and other peaks. 

Anal. Calcd for C, 80.90? H, 5o62o Found: C, 

80o71; H, 5.38. 

The residue obtained from the chloroform washings, after 
removal of the solvent, was chromatographed over silica gel. 
Elution with a mixture (2:3) of benzene and petroleum ether 
gave 35 mg (10/.) of the unchanged mp 95-96 °C (mixture 
melting point). Subsequent elution with a mixture ( 3 : 2 ) of 
benzene and petroleum ether gave 23 mg ( 6 /) of 9 e, mp 219- 
220 °C, after recrystallization from a mixture (1:4) of chloro- 
form and ethanol. 

IR spectrum (KBr) : 3060 , 3030 , 2970 , 2930 (CH) , 

1750 (C= 0 ), and 1600 (C=C) cm“^o 

UV spectrum X (CH-OH) ; 231 nm (e , 28,400), 251 

ill SH A 

(23,900, sh), 257 (25,800), 275 (7900), 302 (5800), and 314 
(5100, sh). 

NMR spectrum (CDCI 3 ): 6 1.40 (3 H, t, J = 7.5 Hz, 

CH 3 ), 4.03 (2 H, q, H = 7,5 Hz, CH 2 ) , 6.63 (1 H, s, CH) , 

7.72 (10 H, m, aromatic), 8.80 and 9,25 (2 H, m, H-7 and H- 8 ). 

Mass spectrum, ra/e (relative intensity): 354 (M , 73), 
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3XS (M - (X, - H, 17), 205 - CO, - CjHgOC^H^, 100), 

176 (3-.), 149 (C2H50 Cj,H„C 0% 100), and other peaks. 

Mai. Calcd for C^^H^gOj: C, 81.35, H, 5.08. Found: C, 
H, 5.00. 

Further elution with benzene gave 43 rag (12/<) of 7e, 
isolated as a waxy material which could not be crystallized. 

IR spectrum (neat): 3060 , 2980 , 2930 (CH), 1745 

(CO), and 1600 (CO) 

NMR spectrum (GDCI3); 6 1.66 (3 H, t> J = 7.5 Hz, 
CH3), 3.95 (2 H, q, J » 7.5 Hz, CH2), 6.20 (1 H, s, CH) , and 
7,25 (14 H, m, aromatic). 

IrrMiation of 3.4-Diphenvl-5~(4-ethQXVDhenvl)~2(5H)~f u- 
ranone (Te). A solution of 7e (70 mg, 0.2 mmol) in benzene 
(50 ml) was irradiated for 4 h (RPR, 300 nm) . Removal of 
the solvent, followed by recrystallization of the residue 
from a mixture (1:4) of chloroform and ethanol gave 60 mg 
of 2e, mp 219-220 (mixture melting point). 

III. 4. 8 Irradiation of 5-(4-Chlorophenyl)-3, 3-diphenyl- 
2( 3H)-furanone (M) • Irradiation of a benzene solution of M 
(175 mg, 0.5 mmol in 100 aiL) for 6 h, followed by workup in 
the usual manner gave 150 mg (94%) 100-101 C, 

after recrystallization from ■' 
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IR spectrum (KBr) : 3060, 3040 (CH), 1650 (C=0), 

1590 and 1580 (C=C) cra"^, 

UV spectrum (CH3OH) : 231 nm (e, 15,600, sh) , 264 

(14,300), 291 (11,100, sh), and 311 (11,000). 

NMR spectrum (0001^)5 6 7.53 (m, aromatic and 
vinylic). 

Anal . Calcd for C23_H^5C10: C, 79.25; H, 4.72. Found: C, 
79.61; H, 4,51. 

In a separate experiment, a solution of ^ (350 mg, 

1 mmol) and £-methoxyacetophenone (150 mg, 1 mmol) in ben- 
zene (200 niL) was irradiated for 2 h. Removal of the sol- 
vent under vacuum gave a residual solid, which was triturated 
with chloroform to give 30 mg (9;^) of Ilf , mp >360 °C. 

IR spectrum v (KBr): 3050 , 3020 (CH) , and 1765 (C=0) 
max 

cm**^. 

I 

Mass spectrum, m/e (relative intensity): 691 (M - H, 1) , 
346 (mV2» 80), 207 ( 68), 179 (lOO), 139 (C1C^H4C0’^, 23), and 
other peaks . 

Anal . Calcd for C, 76.30; H, 4.34. Found: C, 

76.56; H, 4.21. 

The residual solid, after the removal of the solvent from 
the chloroform layer, was chromatographed over silica gel. 



Elution with a mixture (1:4) of benzene and petroleum ether 
gave 95 mg {29-/.) of the unchanged mp 173-174 °C (mixture 
melting point). Further elution with a mixture ( 1 : 1 ) of 
benzene and petroleum ether gave 55 mg (16^) of the phenan- 
throfuranone 9f, mp 255-256 °C, after recrystallization from 
a mixture ( 1 : 1 ) of chloroform and ethanol. 

IR spectrum (KBr): 3060, 3020 (CH), and 1750 (C=0) 

cm”*^ . 



mm 


UV spectrum (CH 3 OH): 236 nm (e, 22,100), 251 

(20,600, sh), 257 ( 22,000), 301 (5100), and 314 (4500, sh) 


H NMR spectrum (CDCI 3 ): 6 6.67 (1 H, 
m, aromatic), 8.80 and 9.25 (2 H, m 


Mass spectrum, m/e (relative intensity) : 344 (M*^., 22 ) , 
315 (M'^’ - CO, - H, 5), 265 (11), 205 (M*^ - CO, - CIC^H^, 100) 
139 (CIC.H.CO'^, 5), and other peaks. 


Calcd for C 00 H 10 CIO 0 : C, 76.74; H, 3.78. Found: C 


Anal 


Subsequent elution of the silica gel column with a mix- 
ture (7:3) of benzene and petroleum ether gave 135 mg (39^) 
of the 2 ( 5 H)-furanone 7f, mp 132-133 °C, after recrystalliza 
tion from ethanol. ^ ' - 


IR spectriM V 


1570 (C*C) cm 
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UV spectrum (CH3OH): 232 nra (e , 46,600), 264 

(25,900) and 277 (25,000, sh). 

1 

H NMR spectrum (CDCI3) : 6 6.33 (1 H, s, CH) and 7.40 
(14 H, m, aromatic). 

Mass spectrum, m/e (relative intensity): 346 (M^, 24), 

207 (M’^ - CO, - CIC^H^, 48), 179 (lOO), 178 (60), 139 
(CIC^^H^CX)^, 20), and other peaks. 

Anal . Calcd for C22Hj_^C102: C, 76.30j H, 4.34. Found: C, 
76.25,* H, 3.98. 

III. 4. 9 Irradiation of 5-(4~Cyanophenvl)-»3, 3-diphenvl-* 

2( 3H)--f uranone ( 5g ) . A solution of ^ (170 mg, 0.5 mmol) in 
benzene (100 mL) was irradiated for 6 h. Removal of the sol- 
vent under vacuum gave a product mixture, which was separated 
by preparative tic over silica gel to give 10 mg { 6 /.) of the 
unchanged Sgi* 188-189 °C (mixture melting point) and 135 mg 
(87/.) of mp 141-142 °C, after recrystallization from 
ethanol. 

IR spectrum!^ (i<Br) : 3050 , 3020 (CH) , 2220 (C^), 

TTi3X 

1650 (C=0), 1600 and 1570 (C=C) cm“^o 

UV spectrum (CH3OH): 247 nm (e, 19,900), 254 

(19,600, sh), 300 (9800), and 321 (9800). 



H NMR spectrum (CDCI3): « 7.50 (m, aromatic and 

vinylic). 

Mai. Calcd for C22HJL5NO: C, 85.44; H, 4.85; N, 4.'53. 
Found: C, 85.11; H, 4.63; N, 4.51. 

In a separate experiment, a solution of ^ (340 mg, 

1 mmol) and £-rae thoxyacetophenone (150 mg, 1 mmol) in benzene 
(200 mL ) was irradiated for 2 h. The solvent was removed 
under reduced pressure and the residual solid was chromatogra- 
phed over silica g©!. Elution with a mixture (1:1) of benzene 
and petroleum ether gave 60 mg (18>i) of the unchanged 5g , 
rap 188-189 °C (mixture melting point). Further elution with 
a mixture (7:3) of benzene and petroleum ether gave 35 mg 
(10><) of 9_2[, mp 235-236 ‘^C, after recrystallization from a 
mixture (1:1) of chloroform and ethanol. 

IR spectrum V ^ (KBr): 3060 , 3040 (CH), 2440 (C^), 

1750 (C»0), and 1610 (C=C) cm”^. 

UV spectrum Xjjjgjj (CH^OH): 231 nm (e , 28,400) , 251 
(23,900, sh), 257 (25,800), 275 (8400), 301 (6800), and 313 
(6200, sh). 

NMR spectrum (CDCl^)* ^ 6.77 (1 H, s, CH) , 7.35 
(10 H, m, aromatic), 8.85 and :9,30 (2 H, ra, H-7 and H-8) . 
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Mass spectrum, m/e (relative intensity); 335 23), 

306 (M-^ - CO, - H, 5), 291 ((«•" - CO^, 5), 205 (M+ - CO, 

- 100), 176 (72), and other peaks o 

Ana. Calcd for C23H^3N02: C, 82.39; H, 3.88; N, 4.18. 
Found; C, 82.01; H, 4,13; N, 4.27. 

Subsequent elution of the silica gel column with benzene 
gave 365 mg (52*/,) of the 2(5H)-furanone Tjg, mp 117-118 
(mixture melting point), after recrystallization from ethanol. 

In a repeat run, a solution of ^ (340 mg, 1 mmol) and 
£-methoxyacetophenone (150 mg, 1 mmol) in methanol (200 mL) 
was irradiated for 5 h. The photolysate, after the removal 
of solvent, was chromatographed over silica gel. Elution 
with a mixture (1:1) of benzene and petroleum ether gave 
70 mg (21/,) of the unchanged mp 188-189 °G (mixture 
melting point). Further elution with a mixture (3:2) of 
benzene and petroleum ether gave 230 rag (52/,) of 16g , 
mp 152-153 °C, after recrystallization from carbon tetra- 
chloride. 


IR spectrum V ^ (KBr): 3060 , 3020 , 3000 , 2960 , 2930, 
max 

2900 (CH), 2215 (C^), 1770 (OO), and 1600 (C=C) cm“^. 


UV spectrum (C 3 H 30 H)fc^ 44 ' nm (s , 22,800), 254 
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!i\m spectrum (CDCl^): 6 3o25 (3 H, s, OCH^) , 4.30 
(1 H, d, J = 8 Hz, CH), 5.07 (l H, d, J = 8 Hz, CH), and 
7.20 (14 H, m, aromatic). 


Anal . Calcd for C24Hj_gN03: C, 78o05; H, 5.15} N, 3.79. 
Found: C, 78.21; H, 5.01; N, 3.93. 

111.4,10 Irradiation of 5-(4-Biphenvlvl)--3. 3-dlphenvl- 
2{ 3H)--f uranone (^) . A benzene solution of ^ (195 mg, 

0.5 mmol in 100 mL) was irradiated for 6 h. Removal of the sol 
vent, followed by recrystallization of the residue from 
ethanol gave 165 mg {92'/.) of mp 121-122 °C. 

IR spectrum V „ (KBr); 3040, 3020 (CH) , 1645 (C=0), 

iBax 

and 1590 (C=C) cm~^. 

UV spectrum X (CH„0H): 229 nra (e , 20,600) and 307 
rn ax o 

4 

(22,800). 

NMR spectrum (CDCl^)* « 7.60 (m, aromatic and 
vinylic). 


An 


a. Calcd for C 27 H 2 qO; C, 90.00; H, 5.62. Found: C, 


90.30; H, 5.84. 

In a separate experiment, a solution of ^ and p-methoxy- 
acetophenone (150 mg, 1 mmol) in benzene (200 mL) was irradia- 


ted for 6 h. The solvent was 

■ '' ' 


under vacuum and the 
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residual solid was chromatographed over silica gelo Elution 
with a mixture (1:4) of benzene and petroleum ether gave 
150 mg (38><) of the unchanged mp 193-194 °C (mixture 
melting point). Further elution with a mixture (1:1) of 
benzene and petroleum ether gave 155 mg {AOyC) of the phenan- 
throfuranone 9h, mp 284-286 °C, after recrystallization from 
chloroform. 

IR spectrum v (KBr): 3060 , 3020 (CH), and 1750 (C=0) 

rOaX 

cm ' 0 

UV spectrum (CH^OH): 233 nm (e, 28,300, sh) , 252 

(25,900, sh), 257 ( 26,600), 275 ( 8500), 301 (7000), and 315 
(6000, sh). 

NMR spectrum (CDCI3): 6 6.80 (1 H, s, CH), 7.65 
(15 H, m, aromatic), 8.85 and 9.35 (2 H, m, H-7 and H-8). 

Mass spectrum, m/e (relative intensity): 386 (M"^, 25), 
357 (M^ - CO, - H, 5), 340 (14), 205 (M^ - CO, - 
100), 181 (C^HgC^H^CO"^, 18), and other peaks. 

Anal . Calcd for ^28^18^2*^* 87.05| H, 4, 66. Found: C, 
86.63; H, 5.04. 

Subsequent elution with a mixture (7:3) of benzene and 
petroleum ether gave 45 »g of the 2(5H)“furanone 7h, 

mp 169-170 ®C, after ; from ethanol. 



169 


IR spectrum (KBr) : 3060, 3020 (CH), 1740 (C=0) , 

and 1590 (C=C) cm^^o 

UV spectrum (CH^OH): 245 nm (e , 25,300) and 269 

(22,200, sh). 

NMR spectrum (CDClg):^ 6.35 (l H, s, CH) and 7.48 
(19 H, m, aromatic). 

Mass spectrum, m/e (relative intensity): 388 (M"^, 33), 

360 (M"^ - CO, 27), 359 (M*" - CO, - H, 40), 181 ( C^H^C^H^Co"-, 
78), 178 (100), and other peaks. 

/Vial « Calcd for ^28^0^2* 86.60; H, 5.15. Found: C, 

86.75; H, 5.26. 

31 

1 1 1. 4. 11 Laser Flash Photolysis . The computer- 

controlled set-up used for laser flash photolysis studies is 

49 50 

described elsewhere. ^ The pulsed laser sources were: 
Lambda-Physik EMG 101 MSC excimer (308 nm, -20 ns), Molectron 
UV-400 nitrogen (337.1 nm, ns) and Quanta-Ray DCR-1 Nd-YAG 
(third harmonic, 355 nm, -6ns). Deoxygenation of solutions 
was effected by saturation vdth argon. 
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